








CONTENTS OF VOLUME 108 
No. 1, January, 1935 


PAGE 
Jensen, H., and Evans, E. A., Jr. Studies on crystalline insulin. 
XVIII. The nature of the free amino groups in insulin and the 


isolation of phenylalanine and proline from crystalline insulin... 1 
Sure, Barnett, Kix, M. C., and Bucnwanan, Katuryn Suz. Tech- 
nique for the study of tryptic-ereptie digestion of proteins....... 11 


Sure, Barnett, Kix, M. C., and Bucnanan, Karuryn Suz. En- 
zymatic efficiency in avitaminosis. I. Influence of vitamin B 
deficiency on tryptic and ereptic digestion of casein.............. 19 

Sure, Barnett, Kix, M. C., and Bucnanan, Katuryn Suz. En- 
zymatic efficiency in avitaminosis. II. Influence of vitamin B 
deficiency on efficiency of pancreatic lipase and esterase......... 27 

Duncan, C. W., Hurrman, C. F., and Ropinson, C. 8. Magnesium 
studies in calves. I. Tetany produced by a ration of milk or 


milk with various supplements....................06seeeeeeees 35 
Macxinney, G. Properties of carotenes from certain roots and leaves 

at various stages of development................ 2.6.6.6... 600s cess 45 
Sumner, James B., and Howe.t, Stacey F. A method for determina- 

Ce emer Be, 5. 5.0 5 caus Mai anpenald «cccmpelbroeceans 51 


Burret, R. C., and Watrer, E. D. A saponin from the soy bean.. 55 
Faux, K. Grorcs, and McGuire, Grace. Studies on enzyme action. 


XLIX. The lipase actions of tissues of rachitic rats.. 61 
Dyer, Heven M., and pu Vienweaup, Vincent. A study of the physi- 

ological availability of pentocystine and of homomethionine..... 73 
Roepe, R. R., and Hucues, J.8. Phosphorus partition in the blood 

I Oe On. ntcnee cad <b.avlsun<cahh dno ebdedh eomaet 79 


Tuompson, Wituiam R., Tennant, Ropert, and Wires, Cari A. 
Studies in starch amylase viscosimetry. I. A sensitive precision 
method for the estimation of amylolytic activity applicable to 


Tweepy, Witsur R., Bevi, WiiiaM P., and Vicune-Rios, ‘(Cumusto- 
BAL. Further chemical studies on a parathyroid hormone....... 105 
pE Begsr, Epwin J., Jounston, Cuaries G., and Wiison, D. Wraicrr. 
The composition of intestinal secretions....................... . 18 
LANDAUER, WauTer, Upnam, Exvizanern, and Rusin, Fay. Studies 
on the creeper fowl. VIII. The effect of bone extract on skeletal 
growth and the phosphatase content of the bones.............. . 121 
Kerresz, Z. I. The determination of glucuronic and galacturonic 
ee er Ce IE oo. cov cucccpendndcvaccackscssctaanen 








iv Contents 


Weser, H. H. R., and Kina, C. G. Specificity and inhibition char- 
acteristics of liver esterase and pancreas lipase. 

Hvuaues, R. H., and Wimmer, E.J. The absorption of soluble, volatile 
fatty acids........ 

Marruews, Vipa J., Newron, Josepn K., and Btoor, W. R. The 
lipids of the skin in experimental diabetes. . 

Oserst, Frep W.. The determination of sodium i in : famen red blood 


ZitTtLe, CuHaRves A., and Scumipt, Cart L. A. Heats of solution, 
heats of dilution, and specific heats of aqueous solutions of certain 
amino acids 

Smirn, Evizaperu R. B. The effect of variations in ionic strength 
on the apparent isoelectric point of egg albumin... 

Hess, W. C., and Sutuivan, M. X. The determination of eystine and 
cysteine in buty! alcohol extracts...... 

Kapitan, A., and Cuaarxorr, I. L. Liver lipids in ‘completely de- 
pancreatized dogs maintained with insulin....... 

CuaMBERS, Wiiu1AM H., Himwicu, Harowp E., and KEnnarp, Mar- 
GARET A. Glucose excretion after exercise in experimental 


. 145 


. 187 


.. 195 


201 


. 217 


BLu MBERG, Harouip. A growth deficiency disease, curable by wheat 


. 227 


Pierce, H. B., Nasser, E. 8., and Muri, ‘Joun R. Ensyme pro- 
duction in a transplanted loop of the upper jejunum... 

BLANCHARD, Kennetu C. The nucleic acid of the eggs of Arbecie 
punctulaia. . 

Lerxovsky, SAMUEL, Popper, WILLIAM, Jr., and Evans, Hersert M. 
The concentration of vitamin G by adsorption and elution from 
fullers’ earth.. Lets 

Patron, A. R. The determination of glycine in proteins 

Bue.ti, Mary V. The adenine nucleotide content of human blood. 
I. Determination and content 

McLean, FRANKLIN C., and Hastinas, A. Barrp. "The state of calcium 
in the fluids of the tae I. The conditions affecting the ioniza- 
tion of calcium.. 


No. 2, Fepruary, 1935 


Britis, CHARLES E., Massenca.e, O. N., McDona.p, Francis G., and 
Wirick, Autice M. The action of activated ergosterol in the 
chicken. III. Evidence of the existence of only one provitamin 
D in crude ergosterol. . se 

Haver, Sicrrep M. Evidence of enzymatic destruction of the vitamin 
A value of alfalfa during the curing process....... 

Davipson, Jexre., and LeCurrc, J. A. A new method for the deter- 
mination of the acid-base balance in food materials 


239 


323 





131 


141 





Contents 










CRESCITELLI, FREDERICK, and TayLtor, Ivon R. Changes in the con- 
centration of reducing substances during the metamorphosis of 








Galleria mellonella (bee-moth)....... 2... 6... ccc cece eee eee 349 
ScuaFrrer, Norwoop K., and Lez, Mitton. The effect of the anterior 
pituitary growth hormone on protein metabolism................ 355 






Suapiro, Inez. Studies on ketosis. V. The comparative glycogenic 
and ketolytic action of glucose and some carbohydrate inter- 
Ence., Georce L., and Cuao, Ipinc. Comparative distribution of 
organic phosphates in the skeletal and cardiac muscles of Limulus 
I i «. bwin amp enald-ce- dive aenteines ten derittien ote 
Sopet, ALBert E., Gotprars, ABRAHAM R., and Kramer, BENJAMIN. 
Studies of incurable rickets. II. Réle of the “‘local factor’’ and 






















of viosterol in the pathogenesis of rickets due to beryllium....... 395 
Rosinson, C. 8. The hydrogen ion concentration of the contents of 

ee ee re ee ae ee 403 
Levens, P. A., and Marker, R. E. Hydrocarbons derived from 

methylphenyl- and ethylphenylacetic acids...................... 409 
Levene, P. A. Note on the preparation of crystalline d-mannose and 

ef cepttaliinn OaGRD. «19.0 f« fede. conqraghstn0i $0dds sh: hie 419 
Kirsu, Davin. Factors influencing the activity of fungus lipase..... 421 






LepKovsky, SAMUEL, Over, Roy A., and Evans, Herspert M. The 

nutritive value of the fatty acids of lard and some of their esters.. 431 
Evans, Herpert M., and Lerxovsky, Samugy.. The sparing action 
of fat on vitamin B. VIII. On the loss of vitamin B from the rat's 


Larson, P.S., and Cuarxorr, I. L. The effect of insulin on the excre- 








tion of allantoin SS ae ey ee Sey Pee 457 
Brucer, Maurice. The state of cholesterol and the nature of the 
cholesterol-protein complex in pathological body fluids........... 468 





FreemMAN, S., and FrigepEMANN, THeoporE E. A micromethod for the 
estimation of the fat-soluble ester glycerol contained in lymph... 471 
Lave, Epwin P., and Nasu, Tuomas P., Jr. Some observations on 
the nature of the reducing substances in normal dog urine........ 479 
Dart, Fioyp SxHeiron, Rosscueit-Rossins, Friepa S., and Wuip- 
PLE, G. H. New formed hemoglobin and protein catabolism in 











TOS, 5 5. «iin weeds t eeged as ica « «o-e5h Caen bites 487 
Jacops, WatTerR A., and ELperFigLp, Ropertr C. The structure of 
Re ND II oo 0:0 +4095 0p ns 0 taiben mines bbe teed 497 






Evans, Herspert M., Murpuy, Exvizaperns A., Arcuipacp, R. C., and 
Cornish, R. E. Preparation and properties of vitamin E con- 








en, SEN 
CARRUTHERS, ALBERT, and Leg, Wer Yune. The hydrolysis of 

glycogen by glycerol extract of muscle. . eee ee eee eee 525 
CarruTHers, ALBERT. The hydrolysis of giyecqen, by muscle and 

ES A FEN LTTE I ANSE ae 535 






Herrin, R. C. Chemical changes in blood and intestinal juice pro- 
duced by the loss of intestinal juice................... 0.0.6.5... 





vi Contents 


TausBer, Henry, and Kierer, Israzet 8S. A method for the quanti- 
tative determination of ascorbic acid (vitamin C). The vitamin C 
content of various plant and animal tissues...................... 563 

Irrer, Stuart, Orent, Evsa R., and McCouuvm, E. v. An effective 
method of extracting vitamin B . 571 

Irrer, Srvart, Orent, Evsa R., and McCou.vum, E. v. A simplified 
method for preparing lactoflavin and a study of its growth effect. 579 

Irrer, Sruart, Orent, Exvsa R., and McCotium, E. V. The a 
role of the sulfhydryl! group in vitamin B, deficiency. . .... 585 

Jacoss, Watrer A., and Craic, Lyman C. The ergot alkaloids. IV. 
The cleavage of ergotinine with sodium and butyl alcohol........ 595 


No. 3, Marcu, 1935 


Boyp, Etpon M. The relation of lipid composition to physiological 
activity in the ovaries of pregnant and pseudopregnant rabbits.. 607 

Carter, Hersert E. The metabolism of norleucine, isoleucine, and 
valine. I. The synthesis of some phenyl derivatives 

Wurrexorn, Joun C. A chemical method for estimating epinephrine 


Otmstep, W. H., Curtis, Groras, and Timm, O. K. Stool volatile 
fatty acids. IV. The influence of feeding bran pentosan and 
fiber to man..... 

Wiuuiams, Ray D., and Ouastep, W.H. A biochemical method for 
determining indigestible residue (crude fiber) in feces: lignin, 
cellulose, and non-water-soluble hemicelluloses. . 

Grant, R. Lorimer, and Lewis, Howarp B. Some products of 
partial hydrolysis of silk fibroin 

Harman, J. M., Jr., Jounston, 8. M., and Benper, J. A. On the 
presence of creatinine in blood 

Jacoss, Waurer A., and Exvperrietp, Rosertr Cc. " Strophanthin. 
XXXII. The anhydrostrophanthidins. .. 24% eo ae 

Hanp, Davin B. The refractivity of protein solutions. 

E.vensem, C. A., and Kogusn, C. J., Jr. Studies on vitamin B; (G). 
The nontdiadity of vitamin B, and flavins 

Lanaiey, Witson D., and Avsrecut, Aupra J. The identification 
of the flavianates of various organic bases. . 

Morean, Aones Fay, and Samisca, ZDENKA. The sequence and 
extent of tissue changes resulting from moderate doses of viosterol 
and parathyroid extract 

Sirrerp, Rospert H., and pv Viangaup, Vincent. A new synthesis 
of carnosine with some observations on the splitting of the benzyl! 
group from carbobenzoxy derivatives and from benzylthio ethers. 753 

Moret, Sam, and Linx, Kart Pav. Derivatives of d-galacturonic 
acid. I. Esterification and acylation of d-galacturonic acid 

Hatsaway, Minicent L., and Kocn, F.C. Provitamin D potencies, 
absorption spectra, and chemical properties of heat-treated 
cholesterol. Plates l and 2...... 

Norris, Eart R., and Rao, D. A. R. Rama. 
invertebrates. . Keer eaee as ape | oo 

Inpex To VOLUME 108 





STUDIES ON CRYSTALLINE INSULIN 


XVIII. THE NATURE OF THE FREE AMINO GROUPS IN INSULIN 
AND THE ISOLATION OF PHENYLALANINE AND PROLINE 
FROM CRYSTALLINE INSULIN* 


By H, JENSEN anp E, A, EVANS, Jr. 


(From the Laboratory for Endocrine Research, the Johns Hopkins University, 
School of Medicine, Baltimore) 


(Received for publication, September 27, 1934) 


Certain evidence has been obtained that inactivation of insulin 
under various conditions, especially when this is reversible, occurs 
simultaneously with chemical changes involving the free amino 
groups of the protein molecule (2). Freudenberg and his co- 
workers, however, are of the opinion that no connection exists 
between free amino nitrogen and physiological activity (3). The 
investigation of the nature of the free amino groups is of interest, 
not only as it contributes to our knowledge of the chemistry of 
insulin but in regard to its more general significanee in the field 
of protein chemistry. It is generally assumed that the free amino 
groups of a protein are present as the e-amino groups of lysine (4). 
In the case of insulin it is obvious that the amino nitrogen of the 
lysine present cannot account for the total amino nitrogen of the 
hormone, since the latter is greater than the whole of the lysine 
nitrogen (5). + 

When insulin is dissolved in M/15 Na,HPO, and treated with 
phenylisocyanate, a product is obtained which retains approxi- 
mately 5 per cent of the original activity of the hormone (1, 2). 
Under these conditions it is assumed that the hydroxyl (tyrosine) 
and the amino groups are principally attacked; the amino nitro- 
gen, as measured by the Van Slyke method, has almost completely 


* Read in part before the American Society of Biological Chemists at 
Cincinnati, April, 1933 (1). 
An investigation carried out under grants from the Commonwealth Fund 
of New York and Eli Lilly and Company, Indianapolis. 
~ 1 
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disappeared. The sulfur and cystine content of the reaction 
product are not markedly different from those of the original 
material. No detectable amounts of ammonia are given off on 
treatment of the phenylisocyanate-insulin with n/30 NaOH for 
3 hours at 34°. Under the same conditions, insulin is com- 
pletely and irreversibly inactivated with the evolution of 0.18 
per cent ammonia (6) and with a decrease in the cystine content 
to approximately half its original value (2,7). These facts would 
suggest that the source of the ammonia evolved during alkaline 
inactivation is most probably the free amino group, and that this 
group reacts with phenylisocyanate under the conditions em- 
ployed. Hopkins and Wormall, who have studied the immuno- 
logical and chemical properties of proteins treated with phenyl- 
isocyanate (8), state in a recent note that they also have been able 
to inactivate insulin by phenylisocyanate and p-bromophenyliso- 
cyanate and expressed the opinion that the free amino groups are 
principally attacked (9). 

From the acid hydrolysate of the phenylisocyanate-insulin we 
have been able to isolate the phenylhydantoin of phenylalanine, 
an amino acid not previously found in crystalline insulin. This 
amino acid has been obtained, as the phenylhyantoin, from three 
different samples of insulin. After the similar treatment of insu- 
lin with a-naphthylisocyanate (Lilly’s insulin, 22 units per mg. 
used), the naphthylhydantoin of phenylalanine has been isolated 
in the same manner. The crystalline material obtained on evapo- 
ration of the acid hydrolysate of the phenylisocyanate-insulin is 
strikingly homogeneous and pure. It seems unlikely, therefore, 
that the formation of considerable amounts of any other hydantoin 
takes place under these conditions, unless, indeed, it should be 
easily soluble in dilute acid. It is evident, therefore, that at least a 
portion of the free amino groups of the insulin molecule is present 
as phenylalanine. It is necessary to consider, however, the 
possible presence of other free amino groups which, although con- 
densing with phenylisocyanate, form phenylureido compounds or 
phenylhydantoins unstable at the temperature and acidity of thé 
hydrolysis. Andrews and Andrews have recently described the 
decomposition of the hydantoin of cystine on heating with hydro- 
chloric acid (10). It has been of interest, therefore, to ascertain 
whether any hydrogen sulfide is liberated during the hydrolysis of 
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the phenylisocyanate-insulin. Measurement of the sulfur before 
and after hydrolysis shows no significant change. In view of the 
huge molecular weight of insulin, however, the amount of hydrogen 
sulfide liberated may be so small that it lies within the limits of 
error of our methods of measurement. 

The observation that no ammonia is liberated on treatment of 
the phenylisocyanate-insulin with dilute alkali led us to investigate 
the action of phenylisocyanate on alkali-inactivated insulin. We 
have been able to isolate the phenylhydantoin of phenylalanine 
from the hydrolysate of this reaction product. It is probable, 
therefore, that the free amino group of phenylalanine is not in- 
volved in the liberation of ammonia during the alkaline inactiva- 
tion of insulin, and that we must look elsewhere for the precursor 
of the base liberated under these conditions. 

In view of the fact that the nitrogen distribution in insulin indi- 
cates the existence of an appreciable non-amino nitrogen fraction 
(5), which was found not to contain hydroxyproline (11), we have 
made several attempts to determine the nature of this “proline 
fraction.”” The presence of non-amino nitrogen in this portion of 
a protein hydrolysate cannot be considered adequate proof of the 
presence of proline, inasmuch as we have found that during acid 
hydrolysis, and especially during butyi alcohol extraction by 
Dakin’s method (12), there is a partial conversion of glutamic 
acid into 6-pyrrolidonecarboxylic acid. Since insulin contains 
approximately 21 per cent of glutamic acid, we turned to the isola- 
tion of proline by those methods in which it is obtained as a 
derivative or salt. Attempts to separate proline as a picrate or 
phenylhydantoin were unsuccessful, as a result, possibly, of the 
necessity of using only small amounts of the crystalline hormone. 
In a preliminary trial of the micromethod of Lang (13), we failed 
to obtain a positive color test, either with our insulin hydrolysates 
or with a solution of pure l-proline. Subsequently, Waldschmidt- 
Leitz and Akabori (14) have shown that this reaction is, in reality, 
a test for hydroxyproline. We finally employed the method of 
Engeland (15), in which proline is converted into its betaine, the 
latter being isolated as a gold salt. We found it of advantage, 
however, to modify the original procedure of Engeland. The 
melting point of the gold salt isolated from various insulin prepa- 
rations is lower than that recorded for the gold salt of the betaine 
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of l-proline, viz. 225°. Engeland has observed, however, a similar 
melting point (203°) for the gold salt of the betaine of proline 
isolated from various natural sources. The explanation may lie, 
possibly, in a partial racemization of the amino acid under the 
conditions of the isolation. Our experience with this procedure 
would warrant its further study as a possible method for the 
gravimetric determination of proline. 

The addition of proline and phenylalanine to the list of amino 
acids already isolated from insulin (11) permits us to account for 
practically the whole of this pretein molecule in terms of its com- 
ponents. Certainly other constituents can be present in only 
relatively small amounts. 

Most of the analyses reported in this paper were performed by 
Dr. Ing. A. Schoeller, Berlin-Schmargendorf, Germany. 


EXPERIMENTAL 


Phenylisocyanate-Insulin—1 gm. of insulin was dissolved in 150 
ee. of M/15 NagHPO,, filtered (necessary with commercial prepara- 
tions), and shaken for 1 hour at room temperature with 100 mg. 
of phenylisocyanate. The solution was then placed in the ice 
chest for 1 or 2 hours. The solution was next extracted several 
times with ether, the aqueous phase filtered, acidified with acetic 
acid, and let stand in the ice chest overnight. The precipitate 
thus formed was collected by filtration or centrifugation. In 
either case the precipitate was washed with water slightly acidified 
with acetic acid and thoroughly extracted with alcohol (absolute) 
and ether in order to remove the diphenylurea. The product was 
an amorphous white powder, the properties of which are indicated 
in Table I, the figures being average values of a number of 
determinations. 

Naphthylisocyanate-insulin was prepared by the same pro- 
cedure, with a-naphthylisocyanate. 

Isolation of Phenylhydantoin of Phenylalanine—1 gm. of phe- 
nylisocyanate-insulin was heated for 15 hours in a boiling water 
bath with 20 ce. of hydrochloric acid (1:1). The hydrolysate was 
then diluted with water to 200 cc. and heated in a boiling water 
bath for 15 minutes. The humin was filtered off and washed 
twice with 100 ce. portions of boiling water. The combined 
filtrates were then concentrated in vacuo until most of the free 
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acid had been removed. The residue was then taken up in 10 ce. 
of water, and the solution thus obtained was placed in the ice 
chest for several days. The crystalline precipitate was filtered off 
and purified from dilute ethyl alcohol. About 25 mg. of the pure 
crystalline product were obtained from 1 gm. of phenylisocyanate- 
insulin. 

The analytical data for the hydantoin isolated from various 
insulin preparations are given below, the source in each case being 


Taste I 


Ammonia 
Activ- ; Nait 
ity per|  N titration 
me. at 34°, 
3 hrs. 








per cent 
Lilly’s insulin 8 0.10 
“  phenylisocyanate-insulin : <0.02 

“  naphthylisocyanate-insulin ... . ‘ <0.02 
Crystalline insulin . ‘ 5 0.18 
7 phenylisocyanate-insulin. . <0.02 




















indicated in the parentheses, and the values given representing the 
average of two determinations. 


CieH, ON. Calculated. C 72.18, H 5.26, N 10.53 
Sample 1. M. p. 164° (Squibb’s 
insulin, 20 units per mg.) Found. “ 72.09, “ 5.71, “ 10.41 
Sample 2. M. p. 165° (Lilly's 
insulin, 22 units per mg.) - “ 71.90, “ 5.30, “ 10.55 
Sample 3. M. p. 165-166° (erys- 
talline, 24 units per mg.) ™ “ 72.25, “ 5.38, “ 10.54 


Mixed melting points of these compounds with a sample of the 
phenylhydantoin of dl-phenylalanine (m.p. 165-166°) showed no 
depression. 

Isolation of Naphthylhydantoin of Phenylalanine—The naphthyl- 
hydantoin was obtained by the acid hydrolysis of a-naphthyliso- 
cyanate-insulin (Lilly’s insulin, 22 units per mg. used) in a manner 
similar to the preparation of the phenyl derivative. The com- 
pound was recrystallized from dilute ethyl aleohol and consisted 
of white needles melting at 161-162°. The naphthylhydantoin 





6 Free Amino Groups in Insulin 


prepared from di-phenylalanine (Hoffmann-La Roche) in the usual 
manner melted at 162.5-163.5°._ Mixed melting points of the two 
compounds showed no depression. 

Since the naphthylhydantoin of phenylalanine has not been 
previously described, the analytical data for the synthetic com- 
pound are also given below. Mixed melting points of the phenyl- 
hydantoin and the naphthylhydantoin of phenylalanine showed 
marked depression. 


CyeH,,O.N3. Caleulated. Cc 75.95, H 5.06, N 8.86 
Lilly’s insulin, 22 units per mg. Found. “ 75.56, “ 5.28, “ 9.01 
Synthetic compound (average of 

two determinations) “ 75.90, “ 4.98, “ 8.96 


Isolation of Phenylhydantoin of Phenylalanine from Alkali- 
Inactivated Insulin—1 gm. of insulin (Lilly’s insulin, 22 units per 
mg.) was dissolved in 200 cc. of N/30 NaOH and heated for 3 hours 
at 34°, the ammonia evolved being removed by a stream of nitro- 
gen. At the end of this time a few cc. of the solution were removed 
and tested for physiological activity. The material was com- 
pletely void of hypoglycemic action. The remainder of the solu- 


tion was cooled to room temperature and 100 mg. of phenylisocya- 
nate were added. From this point the procedure was the 
same as that used in the preparation of the hydantoin from the 
phenylisocyanate-insulin. The hydantoin was identified by its 
melting point, 165-166°. A mixed melting point with a sample of 
the phenylhydantoin of dl-phenylalanine showed no depression. 
The yield was approximately 20 mg. 

Determination of Change in Sulfur Content during Hydrolysis of 
Phenylisocyanate-Insulin—An attempt to determine directly any 
hydrogen sulfide evolved during the course of the hydrolysis was 
unsuccessful. Sulfur determinations were therefore carried out on 
the hydrolyzed (1:1 HCl, 15 hours at 98°) and unhydrolyzed 
phenylisocyanate-insulin. No marked change in the sulfur con- 
tent was observed.'! 


Unhydrolyzed phenylisocyanate-insulin (Lilly, 22 units per mg.) (Pregl 
combustion method); 19.315 mg. gave 4.18 mg. of BaSO,:2.97 per cent 





These determinations were performed by Dr. O. Wintersteiner, to 
whom we wish to express our thanks. 
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S. Hydrolyzed material (Benedict-Denis procedure); 38.19 mg. gave 8.11 
mg. of BaSO,:2.92 per cent 8, 


Conversion of Glutamic Acid into B-Pyrrolidonecarborylic Acid— 
Glutamic acid was suspended in water and extracted for 30 hours 
with butyl aleohol by Dakin’s method (12). The butyl alcohol 
was then evaporated in vacuo, and the alcohol-soluble material 
was then collected and analyzed.' 


Glutamic acid. C,;HsO.N Calculated. N 9.52 
Found. Kjeldahl “* 9.63 
< Amino “ 9.61 

Butyl alcohol-soluble material, 8-pyrroli- 
donecarboxylic acid. C,;H,O,N Calculated. N 10.85 
Found. Kjeldahl “ 10.60 
. Amino “ 0.22 


Isolation of Proline As the Gold Salt of Stachydrine—The hy- 
drolysate of 1 gm. of phenylisocyanate-insulin, after the isolation 
of the phenylhydantoin of phenylalanine, was freed from chloride 
ions with Ag,O and dilute H,SO,, the excess of silver and sulfate 
ions being removed in the usual manner. The solution was then 
evaporated in vacuo and the residue extracted with absolute ethyl 


alcohol. The alcoholic solution was then evaporated and the 
material remaining rubbed up with approximately 5 cc. of water. 
The aqueous solution was then evaporated in vacuo over sulfuric 
acid. The residue was again taken up in absolute alcohol, fil- 
tered, and evaporated. The material thus obtained was dissolved 
in 10 ce. of water, filtered, and boiled with charcoal. The filtrate 
was then cooled at room temperature, made distinctly alkaline 
with NaOH, and 0.5 ce. of dimethylsulfate added, and the mixture 
shaken until the latter had disappeared. The solution was then 
acidified with hydrochloric acid, boiled with charcoal, and filtered. 
A 50 per cent solution of gold chloride was added to the filtrate 
until no further precipitation occurred. The flask was placed in 
the ice chest and left there for several days. The precipitate was 
then filtered off and recrystallized four times from dilute hydro- 
chloric acid to which a few drops of gold chloride solution had 
been added. The melting points of the gold salt isolated from the 
Lilly insulin and that obtained from crystalline insulin were 
approximately 20° lower than those recorded for the gold salt of 
the betaine of [-proline. 
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In the analytical data presented below the source of the gold 
salt is indicated in parentheses, the values in each case represent- 
ing the average of two determinations. 


C;HyO,N-HAuCh. Caleulated. C 17.39, H 2.89, Au 40.83, Cl 29.36 
Sample 1. M. p. 200° 
(Lilly’s insulin, 22 
units per mg.) Found. “17.11, “ 3.40, “ 40.72, “ 29.73 
Sample 2. M. p. 205° 
(crystalline insu- 
lin, 24 units per 
mg.) ** 17.52, ** 3.32, “* 40.46, “* 29.62 


SUMMARY 


By treating insulin with phenylisocyanate and with a-naphthyl- 
isocyanate, products are obtained which retain only 5 per cent of 
the physiological activity of the hormone. The sulfur and cystine 
content of this material was unchanged; the amino nitrogen, how- 
ever, was greatly decreased. No ammonia was evolved on treat- 
ing phenylisocyanate and naphthylisocyanate-insulin with dilute 
alkali. It appears, therefore, that those groups responsible for the 
evolution of ammonia during alkali inactivation of insulin are 
affected by the isocyanates. 

Phenylalanine and proline have been shown to be constituents 
of the insulin molecule. The former was isolated as the phenyl- 
and the naphthylhydantoin (by the hydrolysis of the correspond- 
ing isocyanate-insulin preparations), and the latter as the gold 
salt of its betaine. 

A portion of the free amino groups is evidently present, there- 
fore, as phenylalanine. The evidence suggests that these amino 
groups are not involved in the formation of ammonia during alka- 
line inactivation of insulin. 


We wish to express our appreciation to Dr. O. Wintersteiner, of 
Columbia University, for carrying out several of the analytical 
determinations. We are also indebted to E. R. Squibb and Sons, 
New Brunswick, for their gift of 200,000 units of insulin, and to 
Eli Lilly and Company, Indianapolis, for supplying us with 15 
gm. of their insulin preparation. 
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TECHNIQUE FOR THE STUDY OF TRYPTIC-EREPTIC 
DIGESTION OF PROTEINS* 


By BARNETT SURE, M. C. KIK, anp KATHRYN SUE BUCHANAN 


(From the Laboratory of Agricultural Chemistry, University of Arkansas, 
Fayetteville) 


(Received for publication, September 27, 1934) 


In 1927 this laboratory became interested in the biochemistry 
of avitaminosis. During the years 1927 to 1933 we were engaged 
in studies of blood chemistry in deficiency diseases (1). In 
September of 1933 we were ready to begin investigations on 
enzymatic efficiency in avitaminosis, but a review of the literature 
disclosed that no satisfactory methods involving the use of tissue 
extracts of the rat were available. 

Our first efforts were directed to a study of tryptic-ereptic 
activity in vitamin B deficiency, but in order to be prepared for 
such a problem, we were confronted with the necessity of develop- 
ing a technique which would furnish information on the digestion 
of a standardized protein, such as casein, during various intervals 
for a period of 22 to 24 hours. 


Intervals of Digestion 

The intervals chosen were 1 and 4 hours, which would indicate 
mainly the tryptic digestion, and 22 to 24 hours, which would 
show the ereptic hydrolysis. In the early attempts at securing 
the maximum hydrolysis (following the suggestions of Waterman 
and Jones (2), who employed commercial enzyme preparations) 
the casein was previously digested with pepsin secured from 
stomach extracts; but it was later found that this step can be 
deleted when pancreatic and intestinal extracts in a high enough 
concentration are used directly on a pure casein product. We 
employed the casein prepared according to the method of Hammer- 
sten, which was obtained from Merck. 


* Research paper No. 304, Journal series, University of Arkansas. 
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Preparation of Tissue Extracts 


The animals from which the tissue extracts were prepared were 
taken from our regular stock colony which had been raised during 
the last 14 years on a standardized dietary regimen (3). The 
technique we finally adopted for the preparation of tissue extracts 
is a modification of the one recently reported by Ross and Shaw 
(4). The animal is killed with chloroform and the stomach, pan- 
creas, entire small intestine, and liver are carefully dissected out. 
After the tissues are washed with water and dried on filter paper 
they are cut in small pieces with scissors and thoroughly ground 
with sand and triturated with 25 per cent glycerol. For the 
stomach and pancreas an amount of aqueous glycerol correspond- 
ing to 20 times the weight of the tissues is employed, and for the 
intestine and liver 10 times the weight of the tissues is used. The 
extracts are then transferred to tightly stoppered bottles, 2 to 3 
drops of a thymol solution (15 per cent in 95 per cent alcohol) are 
added as a preservative, and the bottles are paraffined. The tissue 
extracts are then shaken for 10 minutes and allowed to extract for 
18 to 20 hours overnight. The supernatant extracts are then 
decanted and distilled water is added, equal to 20 times the weight 
of the tissue. The extracts are now shaken for 3 minutes and 
centrifuged. All the supernatant liquids are combined and are 
ready for sampling as a source of various enzymes. 1 ce. of 
pancreas and 1 cc. of stomach are equivalent to 25 mg. and 1 ce. 
of intestine and 1 cc. of liver represent 50 mg. of tissue. 


Method of Titration 


The digestion was followed by means of the Van Slyke amino 
nitrogen apparatus, with the microburette (5) having a total capac- 
ity of 2 cc. graduated in 0.01 cc. divisions. After a little experience 
it was found possible to reproduce results in duplicate readings to 
the accuracy of 0.02 ce. After many trials, various dilutions 
being used, it was finally decided to bring the casein solutions 
and tissue extracts to a total volume of 50 cc. and to use 2 ce. 
aliquots for each Van Slyke determination. The reading in the 
apparatus of the digests varied between 0.5 cc. and 4 cc., depending 
on the concentration of enzyme or protein and interval of digestion. 
When more than 2 cc. of gas was read in the burette, it was neces- 
sary to have two absorptions in the alkaline permanganate. 
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Preparation of Casein Solution 
The casein was dissolved in approximately 0.08 n NaOH, with 
5 ce. of the alkaline solution for every 300 mg. of casein. Amounts 
of protein varying from 120 to 180 mg. were used for the 50 ce. 
dilution. 
Influence of Buffer 


A boric acid buffer was found to be superior to a phosphate 
buffer for the tryptic-ereptic digestion of casein with the pan- 
creatic and intestinal extracts as a source of enzymes. For the 
dilution employed a 20 cc. boric acid buffer at a pH of 7.8 was 
found to yield optimum results. 


Influence of Hydrogen Ion Concentration 


Although it is generally believed that tryptic-ereptic digestion 
does its optimum work at an alkaline reaction, we concur with Falk 
and coworkers (6) that equal if not better results are obtained at a 
hydrogen ion concentration of 7.0, which is neutral. As a matter 
of fact we have found 73 per cent hydrolysis of 120 mg. of casein 
in 24 hours, when extracts from 100 mg. of pancreas and 400 mg. 
of intestine at pH 6.15 are used. In order to have our work stand- 
ardized, however, we have attempted to keep the pH at 7.0 as 
much as possible. When 1 cc. of pancreatic and 2 cc. of intestinal 
extracts are used, in order to keep the pH at 7.0, the dilution is 
made with distilled water alkaline to cresol red. When, however, 
4 ce. of pancreatic and 8 cc. of intestinal extracts are taken, it is 
necessary to make the dilution to 50 ce. with water having a pH 
of 9.15 in order to maintain the tissue extracts at neutrality. 


Blanks 
In order to insure absolute destruction of the enzymes trypsin 
and erepsin, it was found necessary to boil the blank digests for 10 
minutes before incubation. 


Influence of Concentration of Pancreatic and Intestinal Extracts on 
Rate of Tryptic-Ereptic Digestion of Casein 

It is apparent from Table I that the greatest amount of hydroly- 

sis is obtained when the concentrations of both the pancreatic 

trypsinogen and the intestinal erepsin are increased so that extracts 
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from 100 mg. of pancreas and 400 mg. of intestine are employed. 
When larger concentrations of the enzymes are used, a complica- 
tion arises by the introduction of coagulable protein from these 
tissue extracts. Special blank digestions have to be run and it 
has been found that when the amount of casein is 180 mg. or more 
the rate and amount of hydrolysis are not increased appreciably. 
The values obtained for 8 cc. of pancreatic and 16 cc. of intestinal 
extract, equivalent to 200 and 800 mg. of these organs respectively, 
are corrected figures, allowances having been made for small 
amounts of coagulable protein. It is interesting to note that when 
the amount of protein is reduced to 120 mg., it is possible to 
obtain by our tryptic-ereptic digestion method 76 per cent 
hydrolysis as evidenced by a-amino nitrogen liberated in 24 hours, 
which is comparable to the 72 to 75 per cent hydrolysis observed 
by Calvery, with crystalline pure egg albumin, by the action of 
pepsin plus either of the polypeptidases or the dipeptidases of 
erepsin (7). 

Working Schedule for Forenoon 


It is possible to run eight samples in the forenoon by commenc- 
ing not later than 9.20 a.m. but the time must be carefully planned 
to the minute, since it takes at least 10 to 11 minutes to run each 
Van Slyke determination; and in the meantime additional samples 
have to be placed in the incubator (at 37-40°) following a time 


schedule. . 
Presence of Enterokinase in Rat Pancreas 


It was discovered in Pavlov’s laboratory that the proteolytic 
enzyme of the pancreas is secreted in a zymogen or proenzyme 
form (trypsinogen) which is activated or converted to trypsin by 
something contained in the mucous membrane of the small intes- 
tine (duodenum, jejunum). This activator Pavlov supposed is an 
enzyme and designated it as a kinase or enterokinase. Later work 
has, however, indicated that enterokinase plays the réle of a cofer- 
ment rather than an enzyme (8). Waldschmidt-Leitz and Harte- 
neck (9) believe that enterokinase is not formed in the intestine, 
but is secreted by the pancreas in an antecedent form which is 
activated in the intestine. Whatever is the true status of the 
mechanism of the action of enterokinase, it is apparent that 
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Taste II 
Presence of Enterokinase in Rat Pancreas 


180 mg. of casein were used throughout. 1 cc. pancreatic extract = 25 
mg. pancreas; 1 cc. intestinal extract = 50 mg. intestine. 
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Enterokinase Content of Rat Pancreas As Determined by Willstdtter Alkali- 
metric Titration Method 














The relative contribution of varying amounts of intestinal extract is 
compared with that of 1 cc. of pancreatic extract. 
No. of determinations Intestinal extract Trypsin 
cc. rEg untis 

5 1 52 
5 0 4l 
2 1 60 
2 0.5 58 
2 0.2 55 
2 0.1 55 
2 0 49 











heretofore it has been recognized that it is necessary for the pan- 
creatic juice to have access to the intestinal mucosa for the func- 
tioning of trypsin as a proteolytic enzyme. We were therefore 
surprised to find that in the albino rat pancreas “‘trypsinogen’”’ 
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exists mainly in the activated form or as trypsin, or as trypsinogen 
plus activated enterokinase. This fact was discovered when 
investigating the influence of various concentrations of intestinal 
extracts as a source of erepsin. In Tables II and III are submitted 
representative illustrations. As little as 1 ec. of the pancreatic 
extract equivalent to only 25 mg. of pancreas will produce a 17 
per cent hydrolysis of casein in 4 hours. Furthermore, the addi- 
tion of 1 ce. of intestinal extract as a source of enterokinase shows 
no increase in digestion of casein after the 4th hour. 

Additional evidence for the existence of trypsinogen in the ac- 
tivated form in the rat pancreas has been obtained by the use of 
the Willstitter (10) alkalimetric titration method. It is apparent 
from Table III that 1 ce. of the intestinal extracts contributes 
relatively little to what was already furnished by the pancreatic 
extracts in the proteolytic hydrolysis of casein. Whereas 1 ce. of 
the pancreatic extract alone produced 41 units of trypsin, the 
supplementation of 1 ec. of the intestinal to the pancreatic extract 
yielded 52, or only 11 additional trypsin units; in other words, 
the pancreas of the albino rat furnishes 78 per cent of activated 
trypsin and 22 per cent of trypsinogen, as indicated by the Will- 
stitter alkalimetric titration method. 


SUMMARY 


1. A method has been developed for the study of tryptic-ereptic 
digestion of casein (which is applicable to other pure proteins) 
with pancreatic and intestinal extracts of the albino rat. 

2. It was found that the rat pancreas contains about 80 per cent 
of its trypsinogen in the activated form, or trypsin, which indicates 
that enterokinase, generally found in the mucosa of the small 
intestines of mammals, is abundant in the rat pancreas. 
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ENZYMATIC EFFICIENCY IN AVITAMINOSIS 


I. INFLUENCE OF VITAMIN B DEFICIENCY ON TRYPTIC AND 
EREPTIC DIGESTION OF CASEIN* 


By BARNETT SURE, M. C. KIK, anp KATHRYN SUE BUCHANAN 


(From the Laboratory of Agricultural Chemistry, University of Arkansas, 
Fayetteville) 


(Received for publication, September 27, 1934) 


Although it is generally stated that there is a disturbance of 
digestion in vitamin deficiency diseases, the literature in this field 
is very meager and what little information is available, unfortu- 
nately, is conflicting. The literature is also sadly deficient in 
information concerning the concentration in avitaminosis of 
enzymes other than those concerned in digestion. 

In 1918, Dutcher (1) presented data to the effect that in avian 
polyneuritis the catalase content of tissues was lowered 44.4 per 
cent. Polyneuritic pigeons which had been given an aqueous 
alcoholic extract of wheat embryo, as a source of vitamin B, pos- 
sessed tissues which were approximately normal in the catalase 
content. In 1926, Drummond and Marrian (2) reported that 
there is no interference with the oxidative mechanisms of the 
tissues as a result of deprivation of vitamin B. These in. estiga- 
tors stated that the fall in oxygen consumption of tissues of pigeons 
during the last stages of polyneuritis is due to starvation (2). 

In 1932, Jusatz (3) found an increase in the catalase content of 
the blood of rabbits by addition of vitamins B and D to diets 
deficient in these vitamins. 

In 1925, Farmer and Redenbaugh (4) published their findings 
on digestion in polyneuritis columbarum. They found a reduction 
in proteolytic, amylolytic, and lipolytic activity in polyneuritic 
pigeons. Their paper contains the only direct and definite ex- 
pression we were able to find in the literature concerning the 
influence of experimental avitaminosis on digestion. 


* Research paper No. 316, Journal series, University of Arkansas. 
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In 1927, Kon and Drummond (5) stated that they were not able 
to corroborate the findings of Farmer and Redenbaugh (4) and 
came to the conclusion that the digestion of starch is normal in 
the vitamin B-deficient pigeon. The latter investigators, however 
have not published any experimental results on proteolytic and 
lipolytic digestion in polyneuritis. 

Bodansky and Jaffe (6) found that serum phosphatase increases 
in rickets up to 20 times the normal concentration. 

Recently Green reported that vitamin A deficiency in the rat 
produces a large and progressive decrease in the esterase content 
of the blood serum. On the other hand, this investigator found 
that underfeeding or a deficiency of the vitamin B complex pro- 
duces only a very slight fall of this blood enzyme (7). 

Paavo (8) detected no changes in vitamin C deficiency in the 
lipase content of the liver and spleen or in the catalase content of 
the liver and blood in this avitaminosis. 


EXPERIMENTAL 


The object of this investigation was to determine whether in a 
deficiency of the vitamin B complex or in uncomplicated vitamin 
B deficiency there is any disturbance in the tryptic or ereptic 
digestion of a biologically complete and readily digestible protein 
such as casein. Two procedures of titration were employed, the 
Willstatter alkalimetric titration method (9) and the Van Slyke 
a-amino nitrogen determination (10). With the latter gasometric 
technique, the digestion was followed for 1, 4, and 24 hours on the 
same sample. 

The avitaminosis was produced by a technique previously 
described (11). The restricted animals received the same amount 
of food daily consumed by the pathological litter mate of the same 
sex and in addition a definite amount of a vitamin B concentrate 
prepared either from rice polishings or from wheat embryo. In 
order to circumvent the complicated factor of appreciable differ- 
ences in growth between the pathological and restricted animals, 
the daily vitamin dosages had to be fed in graduated amounts to 
different groups of animals in order to determine the optimum low 
dosage for the development of the desired small increments of 
growth of the animals receiving the vitamin B additions. 

Since animals that were growing because of vitamin B additions 
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have a greater calorific requirement, and hence a greater daily food 
intake, a number of groups were introduced in this study which 
we termed restricted to the same plane of nutrition. In other 
words, these animals were allowed daily the same amount of food 
as the litter mate pathological animals but proportionately accord- 
ing to their body weights. The following is an illustration. If 
the pathological animal and that restricted to the same plane of 
nutrition, started at approximately the same weight, after 10 days 
of experimentation attain weights of 50 gm. and 60 gm. respec- 
tively, and the pathological animal has consumed during a certain 
day 4 gm. of food, then the animal restricted to the same plane of 
nutrition will receive on the following day (4 X 60)/50, or 4.8 
gm. of food. The positive controls received the same daily allow- 
ance of vitamin as the restricted animal, but the food was given 
ad libitum. As previously demonstrated, the difference between 
the restricted and positive control animals is equivalent to the 
influence of inanition, and the difference between the pathological 
and restricted to the influence of vitamin per se. 


Influence of Deficiency of Vitamin B Complex on Tryptic and 
Ereptic Digestion of Casein 

For this study the pancreatic and the intestinal extracts of five 
groups of animals were subjected to an examination by the Will- 
statter alkalimetric titration method (9) (Table I), and the extracts 
of four groups were investigated as to tryptic-ereptic digestion of 
casein by the Van Slyke amino nitrogen gasometric method (10). 
Of the latter one typical illustration is submitted in Table III. 
The data clearly show that there is no disturbance in either tryptic 
or ereptic digestion when the diet is deficient only in the vitamin 
B complex. 


Influence of Uncomplicated Vitamin B Deficiency on Tryptic and 
Ereptic Digestion of Casein 

The digestive efficiency of paacreatic and intestinal extracts 

from eleven groups of rats was studied by the Willstaitter method 


! This idea of restricted plane of nutrition was suggested by members 
of the Department of Physiology of the University of Chicago to Margaret 
Elizabeth Smith, formerly associated in cooperative research with this 
department. 
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(Table II) and the extracts from twelve groups by the Van Slyke 
method. Of the latter one typical group is presented in Table III 
(Experiment 2563). From Table III (Experiment 2608) it is 
apparent that uncomplicated vitamin B deficiency produces no 
demonstrable influence on tryptic or ereptic digestion. The tryp- 
tic digestive index seems to be somewhat higher for the patho- 
logical animals than for the litter mate animals restricted to the 
same amount of food or to the same plane of nutrition, the average 


Taste I 
Influence of Deficiency of Vitamin B Complex on Tryptic and Ereptic Diges- 
tion of Casein As Evidenced by Wilistatter Alkalimetric Titration Method 
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* Pathological. 

t Restricted to the same plane of nutrition. 
t Positive control. 

§ Restricted to the same amount of food. 


titer for the former being 55.3 units and for the latter 51.4; but 
such small differences are negligible, since the differences among 
litter mate individuals of the same sex may be as much as 10 to 
15 units. 

Neither of the vitamin B-deficient animals (Experiment 2563, 
shown in Table III, as an example) showed any departure from the 
normal, as indicated by the positive controls, in the tryptic-ereptic 
digestion of casein. In that group, animals of various ages and 
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Tasie II . 
Influence of Uncomplicated Vitamin B Deficiency on Tryptic and Ereptic 
Digestion of Casein As Evidenced by Willstatter Alkalimetric 
Titration Method 
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* Pathological. 

t Restricted to the same amount of food. 

t Restricted to the same plane of nutrition. 
§ Positive control. 


weights were represented, from 50 gm., covering individuals 1 
week after weaning to full grown animals which have lost as 
much as 50 per cent of their body weights. Our results, therefore, 





Taste III 
Influence of Deficiency of Vitamin B Complex (Experiment 2608) and of 
Uncomplicated Vitamin B Deficiency (Experiment 2563) on Tryptic- 
Ereptic Digestion of Casein As Evidenced by Van Slyke Method of 
Determination of a-Amino Nitrogen 
1 ce. pancreatic extract = 25 mg. pancreas; 1 cc. intestinal extract = 50 
mg. intestine. 
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justify the definite conclusion that there is no loss of tryptic or 
ereptic digestive efficiency in either vitamin B deficiency or a defi- 
ciency of the vitamin B complex. 

Since Farmer and Redenbaugh (4) have employed forced feed- 
ing of pigeons without any control of the plane of nutrition, their 
results with the pigeons cannot be considered comparable with our 
findings on the rat. Undoubtedly, the proteolytic efficiency in 
avian polyneuritis needs repetition. 


TaBie IV 
Experiment 2674. Enterokinase of Rat Pancreas in Vitamin B Deficiency As 
Evidenced by Digestion of Casein 
Duration of animal experiment, 51 days. 1 cc. of pancreatic extract 
(equal to 25 mg. of pancreas) and no intestinal extract used. 





Animal 


Initial 
weight 


Final 
weight 


Hrs. 
digestion 


Total N in 
sample 


a-Amino N 
found 


Hydrolysis 





Q* 


gm. 


71 


gm. 
57 


3 


3 


per cent 
12.4 


18.3 
25.9 
L et 71 80 9.8 
22.8 
R 9f 5 145 
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1 
4 
24 
1 
4 
24 
1 
4 
24 


22.8 


to 
— 























* Pathological. 
t Restricted to the same amount of food. 
t Positive control. 


Ia Table IV is submitted an illustration which is typical of two 
other groups that in vitamin B deficiency, just as in the normal 
rat, the trypsinogen in the pancreas exists mainly in the activated 
form or as active trypsin. 

That there is no disturbance in tryptic-ereptic digestion in 
vitamin B deficiency is not at all surprising, since such digestion 
proceeds normally until death in otitis media, mastoiditis, naso- 
pharyngitis, pneumonia, and septicemia (12). 


SUMMARY 


No disturbance has been found in tryptic or ereptic digestion of 
casein either in uncomplicated vitamin B deficiency or in a defi- 
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ciency of the vitamin B complex as evidenced by the Willstatter 
alkalimetric titration method and the Van Slyke gasometric amino 
nitrogen method. 
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While we found no disturbance in tryptic or ereptic activity in 
vitamin B deficiency or in a deficiency of the vitamin B complex, 
there is a marked reduction in the efficiency of pancreatic lipase 
and esterase in this avitaminosis. The latter findings are sub- 
mitted in this paper. 

The same dietary technique and the same method of prepara- 
tion of tissue extracts were employed as described in the preceding 
paper (1). The results which are presented in Tables I to III 
inclusive are so clear cut that they require little comment. 

The following procedures were followed for the determination 
of pancreatic lipase and esterase. For optimum activity of these 
enzymes it was found that an initial pH of about 8.0 is desirable. 
This was accomplished by adding a certain amount of 0.1 n NaOH 
as given below. 

Pancreatic Lipase 


Olive oil and tributyrin were used as substrates and in order to 
obtain a homogeneous emulsion, gum arabic was introduced ac- 
cording to the suggestion of Hollander and Marcus (2). The fol- 
lowing is the technique. 

Olive Oil As Substrate—For each sample use 0.5 ce. of olive oil 
and 0.5 gm. of gum arabic made up to 10 cc. with distilled water. 
Take 1 cc. of pancreatic extract, and add 0.75 cc. of 0.1 n NaOH 
to obtain the desired initial pH. The digestion is carried on in a 

* Research paper No. 319, Journal series, University of Arkansas. 

27 





28 Enzymes in Avitaminosis. II 


15 ec. centrifuge tube. Shake and place in an incubator at 37-40° 
for 22 hours. After incubation transfer to a 300 ec. Erlenmeyer 
flask with 50 ce. of 96 per cent ethyl alcohol and 5 ce. of ether. 
Add 5 drops of phenolphthalein and titrate with 0.1 Nn NaOH. 
The blank is worked up the same as the sample except that it is 
boiled for 10 minutes in order to insure the destruction of enzyme. 

Tributyrin As Substrate—The same technique is used as for olive 
oil except that 1 ec. of 0.1 N NaOH is added instead of 0.75 ec. 
for initial pH. 


Pancreatic Esterase 


The substrate is ethyl butyrate. For each sample add 0.5 cc. 
of ethyl butyrate and 0.5 gm. of gum arabic and distilled water 
up to idce. Use 2 ce. of pancreatic extract and 0.75 cc. of 0.1 N 
NaOH. Shake and place in an incubator at 37-40° for 22 hours. 
After incubation transfer to a 300 cc. Erlenmeyer flask with 30 cc. 
of distilled water, add 5 drops of phenolphthalein, and titrate with 
0.1 w NaOH. 


Influence of Deficiency of Viilamin B Compler and Uncomplicated 
Vitamin B Deficiency on Pancreatic Lipase Digestion of 
Olive Oil 


Vitamin B Complex—An inspection of Table I readily discloses 
that twelve groups out of thirteen showed pronounced reduction 
in the concentration of pancreatic lipase in this avitaminosis, as 
evidenced by the amount of olcic acid liberated by that enzyme 
after incubation with olive oil for a period of 22 hours. An analy- 
sis of the twelve groups that showed reduction in pancreatic lipase 
concentration gives the following average titrations, expressed as 
mg. of oleic acid: pathological, 84; restricted to the same amount 
of food, 111; restricted to the same plane of nutrition, 145; positive 
control, 149. Expressed as percentage increase over the patho- 
logical, the following figures are obtained: restricted to the 
same amount of food, 31; restricted to the same plane of nutrition, 
72; positive control, 77. 

While a decided difference in the results between the groups 
restricted to the same amount of food and those restricted to the 
same plane of nutrition has been observed in the vitamin B com- 
plex series of experiments, somewhat different results were obtained 
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Tase I 
Influence of Deficiency of Vitamin B Complex on Pancreatic Lipase Digestion 
of Olive Oil 





Experiment ‘ Duration of | Initial Final 
No. experiment weight weight 


Oleic acid 





a| & 
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mg. 
23 
68 
120 
133 
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56 
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55 
55 
44 
44 
44 
30 
30 
20 
44 
44 
44 
35 
35 
35 
45 
45 
45 
49 
49 
49 
68 
68 
68 








* Pathological. 

t Restricted to the same amount of food. 

t Restricted to the same plane of nutrition. 
§ Positive control. 





Taste II 


Influence of Uncomplicated Vitamin B Deficiency on Pancreatic Lipase 
Digestion of Olive Oil 


aily dosage vita- 
min B concentrate 
prepared from Initial 
weight 








Rice -| W 
poetag ae 





mg. mg. 


2 


2USSESBRzBRBIA} 


SE 


RRNBRSSSSBRSRAKRBBREB® 


226 
oO . 
~ 
o 


Q* 
L ef 
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6.25 
1 6.00 
3.42 
1 81 3.32 
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* Pathological. t Restricted to the same amount of food. 
t Restricted to the same plane of nutrition. § Positive control. 
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Tasie III 
Influence of Deficiency of Vitamin B Complex on Pancreatic Lipase and 
Esterase Digestion 





| tnitist | Final | _Poly- 0.1 Butyri 

Animal : t ! ic nN u yric 

experi- | weight | weight |, DeUurit NaOH acid 
ment symptoms 








Pancreatic lipase digestion of tributyrin 
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Pancreatic esterase digestion of ethyl butyrate 
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* Pathological. 

t Restricted to the same plane of nutrition. 
{ Restricted to the same amount of food. 

§ Positive control. 
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in the series of uncomplicated vitamin B experiments in this 
connection. No satisfactory explanation for this is as yet appar- 
ent, but it is quite clear that a marked reduction in pancreatic 
lipase and esterase efficiency in B avitaminotic rats has taken 
place, compared with litter mates of the same sex that were either 
restricted to the same amount of food or to the same plane of 
nutrition. 

Uncomplicated Vitamin B Deficiency—From Table II it is clear 
that fourteen groups out of eighteen, or about 70 per cent, of the 
groups in this series showed marked reduction in the pancreatic 
lipase titer. An analysis of the data of the groups that showed 
marked differences discloses the following results, expressed as mg. 
of oleic acid: pathological, 104; restricted to the same amount of 
food, 141; restricted to the same plane of nutrition, 129; posi- 
tive control, 175. 

Since only three groups are represented in the positive controls, 
the average for these groups assumes little importance. We are 
therefore mainly interested in the differences in results between 
the pathological groups and the restricted controls (restricted to 
the same amount of food or to the same plane of nutrition) which 
express the specific influence of vitamin B deficiency (3). 

Expressed as percentage increase over the pathological groups, 
the following are the results: restricted to the same amount of 
food, 35; restricted to the same plane of nutrition, 24; positive 
control, 68. The average difference between the pathological and 
restricted groups is 29.5 per cent. 


Influence of Deficiency of Vitamin B Complex on Pancreatic Lipase 
Digestion of Tributyrin 
Four groups out of five showed a reduction of about 32 per cent 
in pancreatic lipase digestion with tributyrin as the substrate in 
this avitaminosis (Table III). 


Influence of Deficiency of Vitamin B Complex on Pancreatic Esterase 
Digestion of Ethyl Butyrate 


All the pathological animals in these eight groups (Table III) 
showed a marked reduction in the pancreatic esterase activity, 
compared with the restricted controls. Expressed as butyric acid, 
the average results were as follows: pathological, 8.2; restricted 
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to same amount of food, 14.4; restricted to same plane of nutrition, 
13.7; positive control, 15.1; and expressed as percentage increase 
over the pathological: restricted to same amount of food, 75; 
restricted to same plane of nutrition, 67; positive control, 84. 

That the reduction in efficiency of pancreatic lipase and esterase 
is not specific, however, for vitamin B deficiency is already indica- 
tive from work in progress in other vitamin deficiencies, also in 
animals with implanted cancers. 

Our work on pancreatic esterase digestion in uncomplicated 
vitamin B deficiency is still in progress and will be published later. 


SUMMARY 


1. A deficiency of the vitamin B complex produces a marked 
reduction in the efficiency of digestion of pancreatic lipase and 
esterase, which is due to specific vitamin deficiency, since the 
amount of food intake and the plane of nutrition were controlled. 

2. Similarly, there is a pronounced decrease in pancreatic 
lipase activity in uncomplicated vitamin B deficiency. The work 
on pancreatic esterase efficiency in this avitaminosis is still in 
progress. These enzymatic disturbances are also due to specific 
vitamin deficiency. 
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MAGNESIUM STUDIES IN CALVES 


I. TETANY PRODUCED BY A RATION OF MILK OR MILK WITH 
VARIOUS SUPPLEMENTS* 
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(Received for publication, October 3, 1934) 


A‘tempts to raise calves to maturity on a ration of whole milk 
alone have consistently failed (1-4). MeCandlish (5), however, 
succeeded in raising some calves to maturity when the whole 
milk ration was supplemented with alfalfa hay. The result of a 
continued whole milk ration, which has been described in detail else- 
where, is a train of symptoms resembling those following extirpation 
of or injury to the parathyroid glands, and the frequent occur- 
rence of a hypocalcemia led to the proposal of this as an explana- 
tion of the neuromuscular disturbances observed in these cases. 
Although hypocalcemia was the outstanding abnormality seen in 
the cases studied up to the time of that report (3) attention was 
also called to the fact that sometimes it was absent. As experi- 
ments multiplied, it became apparent that from so many cases 
with normal blood calcium the disturbances could not be the result 
of transient low values and so missed in the blood sampling, but 
that the symptoms were consistently produced when the blood 
calcium was normal. 

A few determinations of blood magnesium had been made and, 
although they were known to be low, the significance of hypo- 
magnesemia was not appreciated until the work of Kruse, Orent, 
and McCollum (6) demonstrated its importance. The similarity 
of the symptoms of magensium deficiency and those seen in our 
animals together with the low magnesium values in our records 
pointed to this as the possible explanation of the failure of milk 


* Published with the permission of the Director of the Experiment 
Station as Journal Article No. 167 (n. s.). 
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alone as a food and prompted a reinvestigation of the subject from 
this angle. 
Methods 

The blood was withdrawn from the jugular vein into a centrifuge 
tube containing a small amount of lithium citrate and centrifuged 
for 30 to 35 minutes. 10 cc. of the clear plasma were pipetted 
into 40 cc. of 5 per cent trichloroacetic acid, thoroughly mixed, 
centrifuged for 10 minutes, and filtered. Aliquots of this filtrate 
were used for determining calcium, phosphorus, and magnesium. 
Plasma calcium and inorganic phosphorus were determined by 
methods previously described (7). Plasma magnesium was deter- 
mined colorimetrically by a modification of the Briggs technique 
(8). 15 ce. of the calcium oxalate filtrate, 1 cc. of 2 per cent 
KH,PO,, and 1 ce. of concentrated ammonia were placed in a 
centrifuge tube and rubbed down with a rubber policeman in 
order to have the magnesium ammonium phosphate in a finely 
divided state. The tubes were placed in the refrigerator for 12 
to 15 hours to allow complete precipitation. The tubes were then 
centrifuged for 15 minutes, the supernatant liquid removed, and 
the precipitate carefully washed twice with an ammoniacal 20 per 
cent alcohol solution. The precipitate was dissolved and the 
phosphorus was determined by the Briggs technique (8). 


Symptoms of Magnesium Deficiency in Calves 

Among the early symptoms of a magensium disturbance in calves 
are irritability, nervousness, and anorexia. The animal, appar- 
ently temporarily blinded, will run into obstacles, or becoming 
confused will turn in circles until its balance is completely de- 
stroyed. As the convulsions become more violent, the calf may 
fall on its side with the legs alternately rigidly extended and con- 
tracted; there is frothing at the mouth and profuse salivation. 
These attacks may last continuously for several minutes or, inter- 
mittently, for a longer time. Young calves seem to be able to 
withstand several such convulsions but older calves usually suc- 
cumb to the first attack. 

It is practically impossible to distinguish between the form of 
tetany in calves which is associated with hypocalcemia and the 
tetany which is associated with hypomagnesemia unless blood 
studies are made. Vasodilatation has not been observed. 
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Results 


As previously stated, many calves manifested tetany with 
normal blood calcium and inorganic phosphorus when fed the 
rations indicated in Table I. The rations were always milk alone 


TaBie I 


Calves on Whole Milk Ration Which Died in Tetany with Normal Plasma 
Calcium and Inorganic Phosphorus 
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C-69 188.6 
C-95t | 41 | 51.4 
C-96t | 60 | 61.4 
C-120 | 300 | 210.5 
C-121 | 149 | 129.5 
C-123 | 446 | 331.4 
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* This mineral mixture contained Mn, F, Si, Al, and Fe. The other 
minerai mixture contained only Fe, Cu, and Mn. 

t Syrup of iron phosphate. 

t These calves manifested tetany which was not fatal. 


or milk with such supplements as cod liver oil, syrup of iron phos- 
phate, parathormone, or a mineral mixture containing iron, copper, 
and manganese. As shown in Table I the magnesium intake 
varied from 0.65 to 2.18, gm. per day, whereas the intake per kilo 
of body weight varied from 5.39 mg. to 13.70 mg. 
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Calf C-14 died in tetany with a blood calcium of 13.3 mg., inor- 
ganic phosphorus 3.95 mg., and magnesium 0.88 mg. per 100 ce. 


Taste IT 
Age, Weight, Magnesium Intake, and Blood Calcium, Phosphorus, and 
Magnesium of Calves Which Manifested Tetany When Fed a Ration of 
Milk with Various Supplements 
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TaB.e Il1—Concluded 


intake 


Weight | Me | per kilo 


woke 
kg. . mg. 


109.1 16.13 
112.7 15.62 
115.9 15.19 
130.5 14.60 
121.4 14.50 
119.5 14.72 
118.2 14.47 
122.7 12.07 
125.0 11.83 
130.5 11.34 
137.6 12.78 
128.6 13.67 
121.9 14.44 
124.2 14.17 
127.4 13.81 
129.7 13.57 
131.0 13.44 
131.0 13.44 
130.6 13.09 
130.1 11.15 
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Calf C-178 was fed whole milk to 31 days of age, when the ration was 
supplemented with cod liver oil. At 108 days of age the mineral mixture, 
containing Fe, Cu, and Mn was added. Calf C-179 was fed whole milk and 
cod liver oil. Calf C-181 was fed whole milk plus cod liver oil and the 
mineral mixture. 

Calves C-186 and C-187 were fed skim milk, cod liver oil, yeast, and the 
mineral mixture. 

* Tetany. 

t Started on experiment at birth; data for first 170 days are omitted. 


of plasma. Much lower phosphorus values have been frequently 
observed with normal or slightly higher than normal calcium 
values without the least evidence of irritability or tetany. The 
terminal phosphorus values of Calves C-53, C-65, C-68, C-96, and 
C-123 are slightly subnormal but not sufficiently low to bring 
about low phosphorus-high calcium tetany. Calves C-25, C-52, 
and C-62 also died in tetanic convulsions with calcium values of 
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9.8, 9.6, and 9.4 mg. respectively, which are certainly not suffi- 
ciently low to produce low calcium tetany. 

The normal range of calcium and inorganic phosphorus for calves 
of the ages included in this discussion varies from 10 to 13 mg. and 
6 to 8 mg. per 100 cc. of plasma respectively. 

Table II summarizes the magnesium intake per day by 10 day 
periods and the corresponding plasma values for calcium, inor- 
ganic phosphorus, and magensium of five typical additional ani- 
mals. Calves C-178, C-179, and C-181 were fed whole milk with 
various supplements, while Calves C-186 and C-187 were fed a low 
fat ration consisting of skim milk with various supplements. 
Calves C-181, C-186, and C-187 were placed on experiment at 
birth, but the blood data for the first 170 days are omitted to 
save space. 

Calf C-178 was fed whole milk until 31 days of age, when tetany 
was first observed. The blood calcium was 12.7 mg. and inorganic 
phosphorus 8.39 mg. per 100 cc. of plasma. Blood magnesium 
was not determined at this time. The ration was supplemented 
with cod liver oil. This animal again came down with tetany at 
108 days of age. The blood calcium, inorganic phosphorus, and 
magnesium values at this time were 11.6, 5.48, and 1.61 mg. 
respectively. A mineral mixture supplying iron, copper, and 
manganese was added at this time. 11 days later the calf was 
found dead. The blood magnesium value just prior to death was 
1.93 mg. This value was subnormal for a calf of this age, although 
the magnesium intake appeared to be adequate. 

Calf C-179 had a convulsion at 64 days of age on a ration of 
whole milk and cod liver oil. At the time of the convulsion, the 
blood calcium, inorganic phosphorus, and magnesium values were 
12.5, 7.23, and 1.53 mg. per 100 cc. of plasma respectively. 

Calf C-181 was fed whole milk from birth together with enough 
cod liver oil to meet the vitamin D requirement. A mineral mix- 
ture (Fe, Cu, Mn) was also fed to supply the recognized mineral 
deficiencies of a milk ration. The blood magnesium values were 
all below 2 mg. per 100 cc. of plasma after 100 days of age. In 
order to increase the energy content of the ration, 2 pounds of 20 
per cent cream were fed per day starting at 286 days of age. The 
blood magnesium values show a progressive decrease until the 
onset of the fatal convulsion. All of the blood calcium and phos- 
phorus values were well within the normal range. 





Duncan, Huffman, and Robinson 41 


Calf C-186 was fed a ration consisting of skim milk, cod liver 
oil, yeast (25 gm. per day), and the mineral mixture. Starch was 
added to the ration at 234 days of age for energy. This calf had 
magnesium values which averaged above 2 mg. per 100 ce. of 
plasma during the first 90 days. After this age the blood mag- 
nesium showed a tendency todiminish. The terminal blood values 
for this calf were secured from a blood sample taken during the 
final convulsive state, so that increased values may be due to the 
convulsion itself. 

Calf C-187 was fed the same ration as Calf C-186. The mag- 
nesium values averaged above 2 mg. per 100 cc. of plasma during 
the first 60 days but after that time there was a tendency for the 
magnesium to decrease. After 210 days of age the magnesium 
values began to show large fluctuations with one low calcium value 
Although the animal was very irritable during this time, tetany 
was not observed. The final magnesium value was 1.12 mg., 
which is extremely low for a calf. This animal died during the 
night and the condition of the pen indicated that considerable 
struggling had occurred before death. 

All the animals mentioned in Table Ii were observed in tetanic 
convulsions once or twice during the course of the experiment. 
This does not preclude, however, the possibility of additional 
convulsions at times when the calves were not under observation. 
It is very probable that additional convulsions did occur in some 
of the calves because of their extreme irritability. At times it 
was possible to precipitate a convulsion during bieeding or when 
leading a calf from one stall to another. 


DISCUSSION 


The results of this investigation help to explain the many failures 
of whole milk as a sole ration for calves. Low magnesium tetany 
does not occur on the average calf’s ration because these animals 
are able to utilize magnesium more efficiently when they have 
access to roughage. Cow’s milk contains approximately 0.01 per 
cent magnesium, indicating that young calves have a small but 
definite requirement for this element. It seems altogether pos- 
sible that the magnesium requirement should increase with normal 
growth, the same as the requirements increase for calcium and 
phosphorus. The calcium and phosphorus requirements are 
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maintained by increasing the milk intake but the same is not true 
for magnesium. Apparently there is a failure in the magnesium 
metabolism which prevents the animal from utilizing the available 
magnesium. 

Our earlier work indicated that the tetany of calves on a whole 
milk ration must have been due to low blood calcium (3), although 
these statements occurred on p. 109: ‘There appears to be no 
relation between blood calcium and the symptoms other than 
tetany or muscular rigidity. We have frequently secured samples 
from animals either during or immediately after non-spastic 
attacks which gave normal values for caleium.’’ Since our earlier 
report many more calves have died in tetany on a ration of whole 
milk or milk and various supplements with normal blood calcium 
and phosphorus. A few low blood magnesium values were re- 
corded when this investigation was first begun, but no attention 
was given to them at that time because the importance of magne- 
sium in nutrition was not appreciated. 

Hemoglobin, blood sugar, and plasma carbon dioxide and chlo- 
ride determinations were made from time to time but the results 
were all normal or only slightly subnormal. ‘There were no eases 
of severe anemia. In later experiments sufficient vitamin D was 
furnished by cod liver oil, viosterol, sunshine, or by heavy feeding 
of whole milk to protect the animals from rickets. 

It is of importance to note that the plasma calcium and inor- 
ganic phosphorus values are well within the normal range but that 
low plasma magnesium values are a constant finding. The mag- 
nesium values also suggest the possibility of individual variations 
and that periods of low plasma magnesium may precede or accom- 
pany the tetanic convulsions. The calcium values may drop to 
below 10 mg. per 100 cc. of plasma in a few periods but the general 
tendency is above 10 mg. Calves which develop true blood cal- 
cium tetany invariably have values below 7.5 mg. The magne- 
sium deficiency in calves is apparently not associated to any 
extent with alterations in the levels of plasma calcium and 
phosphorus. 

Normal blood magnesium values range from 2.25 to 2.75 mg. 
per 100 cc. of plasma, although larger temporary fluctuations may 
occur without any apparent cause. The Ca:Mg ratio in calf 
blood is normally 4:1 to 5:1, whereas a sustained whole milk ration 
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increases this ratio to 8:1 to 10:1, owing solely to a decrease in the 
blood magnesium. The blood magnesium values are of chief 
interest in that they show a progressive decline with the severity 
of the irritability, excitability, and neuromuscular activity. The 
magnesium intake was usually less than 2 gm. per day regardless 
of the size of the calf. The magnesium intake per kilo of body 
weight at the time of tetany ranged from 6.3 mg. per kilo in the case 
of Calf C-181 to 16.9 mg. per kilo in the case of Calf C-178. Low 
blood magnesium in these cases was probably not associated with 
the high fat content of the ration since Calves C-186 and C-187 
were fed skim milk, starch, and not more than 20 cc. of cod liver 
oil per day. 

The normal blood calcium-low magnesium tetany observed in 
calves resembles the tetany occurring in rats and dogs fed a low 
magnesium diet. However, the intake of magnesium per kilo of 
body weight was much greater in our calves than in the case of rats 
and dogs as reported by Kruse and coworkers (6). Sjollema and 
Seekles (9) and Sjollema (10) reported that the serum calcium and 
magnesium values were low in cattle suffering from grass tetany. 
The symptoms of grass tetany are similar to the symptoms 
observed in our calves. In grass tetany the blood calcium values _ 
averaged about 6.5 mg. and the magnesium values less than 1.0 
mg. per 100 cc. of serum with a Ca: Mg ratio of 14:1. Our calves 
manifested tetany with a normal blood calcium and a low blood 
magnesium with a Ca: Mg ratio of 8:1 to 10:1. It is significant, 
however, that there is the same downward trend in the magnesium 
values. The average normal serum magnesium value given by 
Sjollema and Seekles (9, 10) for cows is 1.66 mg. and 0.46 mg. for 
cows with grass tetany, which is in contrast with our normal 
plasma magnesium range for calves of 2.25 to 2.75 mg. and 1.2 to 
1.6 mg. for calves suffering from low magnesium tetany. 


SUMMARY 


1. Tetany occurred in twenty calves fed whole milk or milk 
with several different supplements, which had normal blood calcium 
and inorganic phosphorus. Systematic blood magnesium deter- 
minations were not made on these animals. 

2. Data are also included on five more typical calves which died 
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in tetany, with normal blood calcium, inorganic phosphorus, but 
low blood magensium. 

3. Tetany in calves associated with low blood magnesium was 
indistinguishable from low blood calcium tetany unless blood 
calcium and magnesium studies were made. 

4. Magnesium tetany occurred on a ration high in fat as well 
as on a ration low in fat. 

5. Calves which manifested tetany with normal blood calcium 
and low magnesium had a blood calcium to magnesium ratio of 
8:1 to 10:1. 

6. These results partially explain why several investigators have 
been unable to raise calves to maturity on whole milk rations. 
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AND LEAVES AT VARIOUS STAGES OF 
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(Received for publication, October 3, 1934) 


In Individual Mature Carrots—Within several plant species, 
many strains have been isolated with marked variation in their 
chlorophyll content. An examination of the carrot (Daucus 
carota, L.) shows that the carotene content may vary in similar 
fashion from the relatively highly pigmented garden varieties to 
the Belgian or so called white carrot. It became of interest to 
determine other possible differences, namely whether carotene in 


individual roots is a mixture of a and 8 components, or whether it 
occurs as pure a or pure # in two or more genetically different 
strains of carrots, with large scale extraction inadvertently causing 
a mixing of the two forms. 

A study was therefore made of the crystalline carotenes from 
five separate carrot roots. The extraction followed essentially the 
method described by Smith (1) with this modification: before 
concentration of the petroleum ether extract, it was saponified by 
the addition of 50 cc. of saturated potassium hydroxide-methanol 
solution with gentle boiling under a reflux condenser for 30 minutes. 
In this way, a more complete separation of the carotene was 
attained, insuring that if both components should be present in 
one tissue, less of the a-carotene would be left in the mother liquor. 
Results are shown in Table I. 

The melting points and specific rotations are in reasonable 
agreement with the data of Smith and Milner (2). To confirm 
the presence of both components, 2 to 3 mg. samples of the re- 
covered carotenes were adsorbed on small columns of magnesia, 
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following the procedure of Strain (3). In all cases, resolution of 
the two components was obtained. Absorption spectra, observed 
visually in 95 per cent ethanol, gave maxima averaging 4755 and 
4470 A. for the less strongly adsorbed band, and 4800 and 4528 A. 
for the main band, in agreement with values reported by the above 
workers (2, 3), confirming the presence of both a and 8 components. 

These results show that both carotene components may occur 
within a given root. It does not, of course, preclude the possi- 
bility of obtaining different genetic strains showing significant 
variations in the ratio of the two forms, with conceivably one 
component appearing alone. 








TaBie I 
Properties of Carotenes from Individual Carrot* Roots 

oe Fresh weight | Yield of carotene | M.p., corrected [«]®,t 

gm. mg. "Cc. degrees 
1 494 11.0f 167.9 +59 + 7 
2 502 17.8 167.0 +93 + 5 
3 509 11.6 167.5 +87 + 7 
4 362 6.8 166.0 +88 + 10 
5 350 5.4 165.0 +97 + 10 

















* Imperator variety. 
t For rotations, all samples were dissolved in 15 ce. of benzene, and a 2 


dm. tube was used. 
t This sample had the most highly colored mother liquor. 


a-: B-Carotene Ratio and Tissue Age—The increase in complexity 
of carotenoids in many ripening processes (for example, the forma- 
tion of lycopene in tomatoes, and of capsanthin in peppers) made 
it desirable to ascertain whether plants known to contain an appre- 
ciable proportion of the a component in their carotene fraction, 
might show significant modification of the a:8 ratio as their 
carotene-containing tissues progressed to maturity. 

The properties of carotenes from carrot roots were determined 
at four stages of development. Also two leaf sources were chosen, 
English ivy (Hedera helix) and the coastal redwood (Sequoia 
sempervirens). While these were not ideal sources from the view- 
point of carotene extraction, the young leaves were readily sepa- 
rable from the growth of previous seasons, and it had been esti- 
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mated that these leaves contained rather more than 10 per cent 
of the a component. 

The nature of the leaves rendered impracticable an efficient and 
rapid drying at 40—50°, so batches of 0.5 to 1.0 kilo of fresh leaves 
were ground in a food chopper and dehydrated by steeping in 95 
per cent methanol. After filtering and pressing, the press-cake 
was extracted with petroleum ether, and the carotenes were sepa- 
rated on magnesia from the other pigments and from many of the 








Tasze II 
Properties of Carotenes from Tissues at Different Ages 
Carotene, 
Source . lined stal- |  Mp., Absorption maximat 
Age ieee fresh | CoPrected in CS: 
weight 
mg. "Cc. mu 
Carrot roots 9 wks. | Ca.2.0| 163 510, 482, indistinct 
— 14.5 | 162.0 510, 482.5, ca. 450 
— 31.0 | 165.1 509.5, 482.5, ca. 450 
> 49.0 | 164.6 510, 483, ca. 450 
Redwood leaves} <6 “ 40] 174.6 512, 484, “ 450 
1-3 yrs. 8.5) 175.1 511.5, 483, ca. 450 
Ivy leaves <8 wks. 5.3 | 172.0 511, 483, ca. 450 
1-2 yrs. 9.0/ 171.5 510.5, 483, ca. 450 

















* Age from time of planting seed. The seed was broadcast in a bed, and 
small areas were removed in toto at the noted times. Inadvertent dis- 
crimination as to size was thereby minimized. Typical diameters were 
0.25 to 1, <3, <5, and <7 cm., respectively. 

t Determined visually with a Bausch and Lomb photometer No. 2750, 
spectrometer No. 2700. These are averages of several readings and are 
reproducible to within less than +15 A. 


accompanying colorless substances, according to the method of 
Strain (3). The carotenes were then crystallized from a con- 
centrated solution in absolute ethanol, thoroughly washed with 
warmed ethanol, then with low boiling petroleum ether, and recrys- 
tallized from n-heptane. Melting points, absorption spectra 
maxima, and where practicable, specific rotations, were deter- 
mined. Results are shown in Table II. 

Specific rotations for the carrot root carotenes (at 12, 20, and 26 
weeks) were + 116° + 9°, +98° + 5°, +100° + 5°, in benzene (15 
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cc.; 1 dm. tube). The observed rotations for the redwood and ivy 
samples, owing to the small yields, were slightly more than double 
the experimental error +0.01°, and therefore are not reported. 

The similarity of the carotene preparations within each of the 
three groups is a strong indication that there is no marked varia- 
tion in the ratio of the two carotene components, though there 
was a considerable increase, in absolute yield, of the carotene on 
a fresh weight basis. 

It should be pointed out that without the use of an adsorbent, 
no satisfactory method exists for determining traces (or small 
variations in the content) of the a-carotene component. Optical 
rotation, normally the logical method, gives only approximate 
results where the a component is a small proportion of the total, 
because of the high color imparted to relatively dilute solutions 
and the low intensity of available sources of monochromatic red 
light necessarily employed in carotenoid polarimetry. The best 
spectroscopic methods will yield results reproducible within +1 per 
cent. When two solutionsare to be compared, the error is doubled. 
Variations, therefore, to be significant, must be considerably above 
this margin. Assuming a constant absolute error for a given wave- 
length, the percentage error in the determination of a component 
will increase rapidly as the concentration of the component falls. 

The differences, found by Kuhn (4) and by this laboratory 
(unpublished data), in the absorption curves for a- and 8-carotenes 
are not of sufficient magnitude so that a 5 per cent variation be- 
tween two samples in the a-carotene content (when this component 
is less than 15 per cent of the total) can be considered significant. 

If, then, an adsorbent be used, an additional complication is 
introduced. Starting with crystalline carotene of known proper- 
ties, Strain (3) has reported resolutions involving the recovery of 
70 to 80 per cent of the a component and 50 to 60 per cent of the 
8 component. When crude leaf extracts are resolved, however, 
the proportion of each component recovered is unknown and may 
not be identical for two tissues of different ages. 

It may be pertinent to inquire to what extent a description of 
extracted carotene is of significance in relation to carotenes 
in vivo. One may anticipate, as a leaf grows older, an increase in 
resins, gums, and other substances which may considerably in- 
crease the difficulties in isolating the carotenes. Furthermore, if 
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in the two cases the same proportion of carotene is not crystallized, 
in relation to the total present, the ratio of a:8 will be different in 
the two cases. This can be readily deduced from an examination 
of the solubility data of the two component carotene mixtures 
reported by Smith and Milner (2). Though at present the safest 
procedure where carotenoid comparisons are to be made is to deter- 
mine the properties of the crystalline product, it is well to bear in 
mind possible limitations of the type cited. 


SUMMARY 


In a study of the carotenes isolated in crystalline form from indi- 
vidual carrots, it is shown that both a and 8 components may be 
present in the same root. It is further shown that there is appar- 
ently no significant change in the ratio of a-:8-carotenes with 
degree of development, either in the carrot root or in the leaves 
of English ivy or the coastal redwood. 


Acknowledgment is made to Dr. H. A. Spoehr, Chairman of 
the Division, and to Dr. J. H. C. Smith and Dr. H. H. Strain for 
many helpful suggestions. 
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ACTIVITY 


By JAMES B. SUMNER anv STACEY F. HOWELL 
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(Received for publication, October 6, 1934) 


Saccharase activity is usually determined by finding polari- 
metrically the “time value,” or the time required for a saccharase 
preparation to bring the rotation of a sucrose solution to 0. One 
may instead determine the invert sugar by one of the reduction 
methods and then obtain the time of 0 rotation by referring to a 
table of sugar values, prepared for this purpose. Since one cannot 
accurately calculate the time needed to reach 0 rotation from a 
single polarimetric reading, it is necessary to make several readings 
and the analysis takes from 1 to 2 hours to complete. According 
to the terminology of Willstitter (1, 2) the enzyme preparation 
contains 1 saccharase unit when 50 mg. have a time value of | 
when one employs 25 cc. of 16 per cent cane sugar at 15.5°. Will- 
stitter expresses the purity of saccharase preparations by the en- 
zyme value, or number of units in 50 mg. of enzyme preparation. 
Von Euler (3, 4) uses the Inversionsfahigkeit, where If =(k X gm. 
substrate)/gm. enzyme. However, this value is not serviceable 
when one desires a figure for enzyme units per cc. of solution. 

It is our opinion that the polarimetric determination of sac- 
charase is unduly time-consuming and that the Willstiatter system 
of expressing units is needlessly complicated. We believed that 
determination of saccharase activity could be improved greatly 
by use of the dinitrosalicylic acid method for reducing sugar. 
Nelson and Vosburgh (5) have shown that in the presence of 5 
to 10 per cent sucrose saccharase attains its maximum velocity. 
We have employed saccharase in such concentration that no more 
than 10 mg. of invert sugar are produced by the digestion of 6 ce. 
of 5.4 per cent sucrose in 5 minutes at 20°. Under these conditions 
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the velocity is only 1 per cent less than it is at 0 time, as we have 
calculated from the curve shown in Fig. 1. This difference of 1 
per cent is less than the experimental error of the colorimetric 
analysis for invert sugar and the values obtained by our method 
can, therefore, be taken to represent the velocity at 0 time. 

The reaction is stopped at the end of 5 minutes by the addition 
of 5 ce. of approximately 0.1 n sodium hydroxide and the invert 
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Fig. 1. Hydrolysis of 5.4 per cent sucrose by saccharase at 20° as followed 
by the dinitrosalicylic acid method. 


sugar is determined by the dinitrosalicylic acid method (6). The 
curve in Fig. 1 gives some idea as to the accuracy of the dinitro- 
salicylic acid method for reducing sugar. 

Our saccharase units are expressed directly in terms of the mg. 
of invert sugar formed in 5 minutes at 20°, at pH 4.5. To express 
the purity of the enzyme it is more logical to state the units per gm. 
of dry enzyme than it is to employ an enzyme value and compel 
the reader to hunt through the literature for a definition of this 
value. 
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The new method requires only from 20 to 30 minutes and is 
accurate to within about 2 per cent as compared with an accuracy 
of 1 to 2 per cent for the polarimetric method in our hands. The 
method can be employed directly with compressed yeast since so 
little yeast is required that the turbidity caused by the presence 
of yeast cells is negligible. Yeast preparations containing sugar 
must naturally be washed before being tested. We have found 
commercial taka-diastase to contain so little saccharase that it was 
necessary to continue the digestion for more than the usual 5 
minutes. Here it was necessary also to subtract a blank for the 
reducing material in the diastase solution. A few of our results 
are given in the accompanying tabulation. 





Dry saccharase preparation 





Fleischmann’s yeast 
“ 
Nectar Brewing Company yeast 
Difco invertase 
Taka-diastase 








Pipette 5 cc. of 6.5 per cent sucrose in acetate buffer into a test- 
tube and allow to come to 20° in a thermostat bath. Add 1 cc. of 
saccharase solution, or yeast suspension, at 20°, from a Folin- 
Ostwald pipette that delivers rapidly. Mix and allow to remain 
in the bath for 5 minutes, after which add 5 cc. of approximately 
0.1 w sodium hydroxide. Mix and determine the invert sugar in a 
1 ce. aliquot by the dinitrosalicylic acid method (6), with a 1 mg. 
glucose standard. The mg. of invert sugar multiplied by 11 will 
give the saccharase units per cc. of enzyme solution, or yeast 
suspension. If considerably more than 1 or less than 0.5 mg. of 
invert sugar is found per cc., the analysis will have to be repeated, 
with more dilute or more concentrated saccharase, or else with 
a longer or a shorter time for the digestion. 


Sucrose-Buffer Solution 


Place 43 cc. of N sodium acetate and 57 cc. of n acetic acid in a 
liter volumetric flask; dilute to the mark with water redistilled 
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from glass and mix. Dissolve 6.5 gm. of c.p. sucrose in 96 cc. of 
the buffer and add a few drops of toluene. This will give a 6.5 per 
cent solution of pH 4.5. The solution will remain serviceable at 


room temperature for 3 days. 


Sugar Standard 
We have not found any detectable difference between the reduc- 
ing values for invert sugar and for d-glucose, by the dinitrosalicylic 
acid method. We therefore employ the usual standard containing 
0.1 per cent glucose in saturated benzoic acid. 


We wish to acknowledge our appreciation to the Sage Founda- 
tion for financial assistance in this research. 
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A SAPONIN FROM THE SOY BEAN* 
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INTRODUCTION 


In a study of the carbohydrate = fat metabolism of germinating 
and maturing soy bean seeds an attempt was made to demonstrate 
the presence of hydroxy acids. A paper by Muramatsu (1) came 
to our attention, which described a procedure for the isolation of 
a hydroxy acid from soy bean meal. By this procedure a product 
was obtained with properties similar to those reported by Mura- 
matsu. As the original procedure is quite long and tedious, a 
modified method was devised whereby larger yields of the same 
material could be more easily obtained. 

Subsequent investigation proved that the product is in reality 
not a simple hydroxy acid, but an insoluble acid saponin. 

A search of the literature revealed that recently four other inves 
tigators have obtained saponins from the soy bean by various 
methods. Sumiki (2) reports the isolation of a crystalline saponin 
and in a later paper (3) the preparation of its sodium salt. Walz 
(4) claims to have identified three different saponins in soy beans, 
which he designates as C, C,, and C,. C and C, are water-soluble 
saponins, while C, is insoluble. More recently, Okano and Ohara 
(5) report two kinds of saponins occurring in soy bean meal, one 
of which is crystalline and the other amorphous. 

In general, the literature dealing with saponins contains many 
inconsistent and discordant results which have their origins largely 
in the great difficulty of obtaining pure, unchanging samples of 
these compounds. 

* The work described in this paper is based upon part of a dissertation 


submitted by E. D. Walter in partial fulfilment of the requirements for 
the degree of Doctor of Philosophy at the Ohio State University. 
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Isolation and Purification 


The improved method of isolation and purification was as 
follows: 4 kilos of finely ground soy bean meal were refluxed for 1 
day with 5 liters of 80 per cent ethyl alcohol in a specially con- 
structed copper boiler. The boiler was placed 6 inches above a 
steam hot-plate which kept the temperature of the mixture at 50— 
70°. The alcohol extract was poured off, the residue was pressed 
out with a fruit press, and the combined liquid extracts filtered. 
The alcohol was then distilled off, the heavy liquid remaining was 
placed in an electrodialyzer, and about 200 ce. of water were added. 
After being dialyzed at 100 volts for 24 hours, the supernatant 
liquid was siphoned off; and the precipitate was filtered out and 
dried in an evaporating dish on the steam bath. The dried residue 
was placed in extraction thimbles and extracted with ether in a 
Pickel extractor for 24 hours. The residue was then dissolved in 
70 per cent ethyl alcohol; and after being clarified with Darco, 
the sol’’*+*~.. was concentrated to about half its volume. On stand- 
in  ystals separated. The crystals taken directly from the 
m: uF liquor appeared as rosettes under the microscope. On 
repeated recrystallization and drying in a desiccator over con- 
centrated H,SO,, they assumed the form of very thin plates which 
melted with decomposition at 220-225°. In the descriptions which 
follow this substance will be referred to as Compound I. 


Identification and Properties 


Compound I—It was observed that when a few drops of con- 
centrated H,SO, were added to a small quantity of Compound I a 
bright red color appeared, which on standing changed to a deep 
violet or purple. This is a general, though not specific, color reac- 
tion of many saponins. 

Although only slightly soluble in water and ether, Compound I 
dissolves readily in mcthy] or ethyl alcohol and in acetone. It also 
forms a soluble salt when treated with potassium or sodium hy- 
droxide solution (Fig. 1). Such solutions foam strongly when 
shaken. 

The neutral equivalent value of Compound I is 769, and the 
averages of eight combustion analyses were C 59.24 and H 8.52 per 
cent. Muramatsu (1) reported a neutral equivalent value (prob- 
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able molecular weight) of 768 for his product, C 56.03, H 8.86, and 
a melting point of 224°. 

Acetylation gave a product of much lower melting point than the 
original material. It was probably an acetyl derivative of one of 
the sugars resulting from a partial hydrolysis. 

At first our attempts to hydrolyze this substance were unsuc- 
cessful. However, following the procedure of Miyamichi and 
Onishi (6), a new product which resisted any further hydrolysis 
(sapogenin) and sugars were obtained. The hydrolysis and isola- 
tion of the sapogenin were effected as follows: 1 gm. of Compound 


Fia. 1 Fic, 2 


Fic. 1, Sodium salt of soy bean saponin (low power). 
Fia. 2. Sapogenin of soy bean saponin (low power). 


I was dissolved in 30 ec. of methyl aleohol and 3 ec. of concentrated 
H.SO, were carefully added with shaking. The mixture was re- 
fluxed on the steam bath for 100 hours. After cooling, beautiful 
long blades crystallized out (Compound II, Fig. 2). These crys- 
tals were separated by filtration with suction, washed with water to 
remove adhering acid, and recrystallized several times from 90 per 
cent methyl aleohol. The melting point after drying in a desiccator 
over concentrated H,SO, was 198-200°. The crystals were insol- 
uble in water and in petroleum ether, but soluble in ether and ethy! 
aleohol. About half the aleohol was evaporated from the original 
filtrate and water added to precipitate an additional quantity of 
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Compound IT which remained dissolved in the mother liquor of the 
reaction mixture. The precipitate was filtered off and the acid 
washed out with water. It was recrystallized several times from 
90 per cent methyl alcohol. The melting point was 198-200°. 
These crystals were combined with the first fraction, making the 
total yield 0.4 gm. 

The identity of Compound I as a saponin was confirmed by 
hemolysis tests with sheep blood, toxicity to goldfish, and toxicity 
to water snails (7). 

Analysis and Properties of Sapogenin (Compound IT)— Duplicate 
combustion analyses of Compound II gave the following results: 
C 77.74, 77.93; H 11.13, 11.12. 

A few mg. of Compound II, when heated over a small flame in an 
evaporating dish covered with a watch-glass, gave a resinous odor 
and formed a sticky deposit on the watch-glass. This material 
still gave a reddish color with concentrated H,SQ,, as did the origi- 
nal material. This behavior is similar to that of certain com- 
pounds known to contain a terpene grouping. 

A test of some of Compound II with bromine dissolved in chlo- 
roform showed it to be unsaturated. Two determinations of the 
molecular weight by the Rast method each gave a value of 453. 
Duplicate titrations with alcoholic potassium hydroxide gave neu- 
tral equivalent values of 430 and 455. Optically, the crystals are 
biaxial, positive. Blades show characteristic crosswise cleavage. 
Elongation is positive and extinction parallel. a@ across the broad 
blades is 1.543 to 1.545; 8 lengthwise, 1.55; and y perpendicular to 
the blades, measured on fragments turned on edge, is 1.565 to 1.57. 
The values for y may not be exact because the crystals are slightly 
soluble in the ordinary oils and rapid estimates must be made. 

Between crossed Nicols, first and second order interference 
colors are observed. Since all crystals show parallel extinction, 
except those with an optic axis emerging, the system is apparently 
orthorhombic. 

The specific rotation for Compound II dissolved in chloroform 
at 25.2° is +73.7°. 

Identification of Sugars Hydrolyzed from Saponin—The mucic 
acid test was positive, the identity of the mucic acid crystals being 
confirmed by melting point and optical properties. This is inter- 
preted to mean that galactose is one of the sugars produced by the 
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hydrolysis of the saponin. Less reliable qualitative tests (Bial’s 
reaction, shape of osazone crystals, and the ammonium molybdate 
test (8)) indicated rhamnose in addition to galactose. 


DISCUSSION 


Since the solubility, melting point, and probable molecular 
weight of Compound I are the same as those of the hydroxy acid 
reported by Muramatsu (1), it seems probable, in the light of the 
additional chemical tests, that the compound in question is in 
reality an insoluble acid saponin (9) which is quite resistant to 
hydrolysis. 


TaBie [ 


Comparison of Saponins and Their Sodium Salis As Made by Different 
Investigators 





M.p. . . 
Saponin M.p. Crystal habit of Ra | Crvetel habit of 





C. °C. 
220-225; Thin plates 260 Thin hexagons 
.| 222-224) “Squama”’ 259-260)“ . 


.| 272 Scales 

225 Radial druses 
ee ree 280 Hexagonal plates 

Okano and Ohara 
Crystalline 225-227) “Squama’”’ 259 Thin hexagons 
Amorphous 216-218! Powder 260 - - 

















Judging from the melting points, the saponin reported in this 
paper, the one reported by Sumiki, the C, of Walz, and the crystal- 
line saponin of Okano and Ohara (all mentioned in the introductory 
part of this paper) are identical. This may be more clearly seen 
in Table I. 

Since, as Kofler (10) points out, saponins readily retain inorganic 
materials, sterols, lecithins, and plant pigments which can be 
removed only with great difficulty, it is rather remarkable that the 
physical properties reported by these different investigators agree 
as well as they do. It is also apparent from Table I that the re- 
ported sodium salts are all probably the same compound. 
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SUMMARY 


1. An improved method is described for the preparation of soy 
bean saponin. 

2. Soy bean saponin on long continued hydrolysis yields a 
sapogenin which probably contains a terpene grouping, galactose, 
and possibly rhamnose. 

3. Some physical and chemical properties of both the saponin 
and the sapogenin are reported. These include the optical proper- 
ties of crystals of the sapogenin. 

4. Attention is called to the probable identity of several recently 
reported saponin preparations from the soy bean. 

5. Evidence is presented that Muramatsu’s hydroxy acid from 
the soy bean was probably a difficultly hydrolyzable, insoluble, 
acid saponin. 
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The relative and absolute ester-hydrolyzing actions of extracts 
of kidneys, livers, and lungs of rachitic and of normal rats of the 
same ages will be presented in this paper. In former papers 
the results obtained in studies of the tissues of adult rats, of the 
whole rat at different ages, and of tissues of rabbits at different 
ages were given (1) but not of tissues of the young rats which 
are used in the laboratory studies of rickets. 


Experimental Methods 


The rachitic rats were obtained from the experiments carried 
out in connection with the estimation of the vitamin D content of 
milk. The extent of the rickets was determined by the line test. 
The rats which were used in this work were 40 to 60 days old. 
They were killed with chloroform. The rats were grouped ac- 
cording to the severity of the rickets; the livers, lungs, and kid- 
heys were removed, weighed, ground with sand, taken up with 
75 parts of water to 1 part of tissue; toluene was added; the 
product allowed to stand overnight at room temperature, and 
then filtered through paper. The filtrates were brought to the 
requisite pH (indicators), diluted 50 per cent with water, and 15 
ec. portions tested for ester-hydrolyzing actions. These enzyme 
tests were carried out as described in the former papers (1). 
Ten esters (3.4 milli-equivalents of each in 15 cc. portions of extract) 
brought to pH 7.0 initially unless stated otherwise, incubated at 
37° for 22 hours, titrated with 0.1 nN sodium hydroxide solution 
with phenolphthalein as indicator (toluene present throughout), 
and the customary blanks and duplicates were used. 

The groups of rats included those with rickets; those fed vio- 
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sterol or milk containing vitamin D, for which healing had begun 
as shown by the line test but where the bones had not assumed a 
normal appearance (the rats having been killed 10 days after 
beginning the feeding of vitamin D), which were called “healing 


TaBLe I 
Ester-Hydrolyzing Actions in Terms of 0.1 Milli-Equivalent of Acid 
Produced by Extracts of Kidneys and Livers of Rachitic, 
“Healing Rickets,’’ and Normal Rats 
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rickets;” and normal rats which were never placed on a rickets- 
producing diet but which were fed various presumably normal diets. 
Experimental Results 


Ester-hydrolyzing actions will be presented for extracts of 
kidneys, livers, and lungs of the different groups of rats. 





K. G. Falk and G. MeGuire 63 


In Tables I and IT are shown a number of absolute actions of 
the tissue extracts on the esters in terms of 0.1 cc. of alkali used 
in the titrations, corrected for blanks and with initial pH values 
of 7.0. These results were selected as representative of a large 
number and are given to indicate the amounts of enzyme actions 
observed experimentally and to give an idea of the variations in 
different experiments with the same tissue. 

The first impression which is obtained from the results in 
Tables I and II is their apparent irregularity or perhaps, better, 


TaBie II 
Ester-Hydrolyzing Actions in Terms of 0.1 Milli-Equivalent of Acid 
Produced by Extracts of Lungs of Rachitic, ‘Healing Rickets,”’ 
and Normal Rats 
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variation. This was emphasized in the earlier work where it was 
repeatedly shown that, while the absolute actions were of interest 
and significance, the relative actions calculated from these per- 
mitted much more readily the drawing of relations and compari- 
sons. A more careful study of the present results indicates no 
regular difference for the kidney and liver extracts between the 
three sets, rachitic, “healing rickets,” and normal. For the lung 
extracts, the rachitic and “healing rickets’’ results do not differ 
much from each other, but the normals present a different picture. 
This is brought out much more clearly with the relative actions 
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to be considered presently. Further discussion of these dif- 
ferences will, therefore, be deferred. 

In place of giving the separate data for the relative actions, 
these will be summarized, only the averages and the ranges being 
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Fie. 1. Rat kidney extracts (normal, rachitic, and “healing rickets’ 
rats). The solid line represents normal (younger); broken line, rachitic; 
line double dash, normal (older); and dot dash line, “healing rickets.”’ 


shown. For kidney and liver extracts, the actions on phenyl 
acetate are called 100 and the actions on the other esters calcu- 
lated in terms of these. For lung extracts of normal rats, the 
actions on methyl butyrate are placed equal to 100 and for lung 
extracts of rachitic rats and rats with “healing rickets,’’ the actions 
on phenyl acetate are placed equal to 100. 
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In Fig. 1 are shown the average results for kidney extracts, 
two curves for normal rats, one for the younger and one for the 
older, one curve for the averages of the rachitic rats (ages 60 
days), and one curve for the averages of three rats with “healing 
rickets”’ as shown by the line test. The four curves show no 
definite differences which cannot be accounted for by the experi- 
mental inaccuracies of the estimations. The relative values for 
the actions on the butyrates appear to be somewhat smaller for 
the rachitic and “healing rickets’ rats than for the normal rats, 


Taste III 


Ranges of Values of Relative Ester-Hydrolyzing Actions of Extracts of 
Kidneys of Rachitic, ‘‘Healing Rickets,’’ and Normal Rats 





Normal 


tas “Heali 
Rachitic rick mts 





Age, 35-80 ae 
7 experiments | 8 experiments | 10 experiments | 3 experiments 





OO eee 100 100 100 
Gage ssspsu--s8 49-57 33-59 43-55 48-53 
29-41 17-48 21-36 29-35 
31-43 23-48 23-34 29-35 
41-47 32-51 30-44 36-46 
21-26 14-28 16-23 20-24 
51-68 44-86 42-63 49-62 
6- 8 6- 9 3- 9 5- 8 
ss * 9-16 9-16 5-14 7-12 
| ere 32-44 28-52 23-43 34-42 

















but the differences are too small to be significant. The ranges 
of values are shown in Table III. 

Although the values for the butyrates seem somewhat smaller 
for the rachitic and “healing rickets’ rats than for the normal 
again, the differences are too small to permit of definite statements 
in this regard. It may therefore be said that the curves of relative 
actions for the extracts of the kidneys of rachitic, ‘‘healing rickets,”’ 
and normal rats are practically the same. 

The same relations hold for the liver extracts shown in Fig. 2 
and Table IV. Although there is a possible indication that the 
values for the butyrates are slightly less for the rachitic and “heal- 
ing rickets’’ rats than for the normal, the differences are too small, 
if they exist at all, to be significant. 
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A different picture is obtained with the lung extracts, Fig. 3 and 
Table V. In Fig. 3, the actions on the butyrates of the rachitic 
and “healing rickets’ rats relative to the actions on the other 
esters were markedly less than those of the normal rats. To 
make the comparisons simpler, the relative action on phenyl 
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Fie, 2. Rat liver extracts (normal, rachitic, and “healing rickets’’ rats). 
For significance of curves see legend to Fig. 1. 







































































acetate and on the butyrates need only be considered. This is 
clearly evident from the curves in this figure. The values in 
Table V show the extreme ranges of the relative actions in the 
different experiments. The relative actions on the butyrates of 
the lung extracts of the rachitic and “healing rickets” rats varied 
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much more than the values for the other esters. In other words, 
these butyrate actions, while most sensitive to rachitic conditions 


TaBie IV 


Ranges of Values of Relative Ester-Hydrolyzing Actions of Extracts of Livers 
of Rachitic, ‘Healing Rickets,’’ and Normal Rats 
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TaBLe V 
Ranges of Values of Relative Ester-Hydrolyzing Actions of Extracts of Lungs 
of Rachitic, ‘Healing Rickets,’’ and Normal Rats 
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in the rat, did not necessarily accurately coincide with the rachitic 
conditions as shown by the line test, and, on the other hand, the 
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relative actions of the lung extracts of normal (or presumably 
normal) young rats did not in all cases give a consistent picture 
by the present procedure. A statistical consideration of the 
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Fic. 3." Rat lung extracts (normal, rachitic, and “healing rickets’’ rats). 
The curves of relative actions for the lung extracts of the rachitic and “‘heal- 
ing rickets’’ rats differ, especially for the butyrates, from the curves of the 
lung extracts of the normal rats. For significance of curves see legend 
to Fig. 1. 




































































limited number of experiments carried out in the present investi- 
gation will, however, bear out the conclusion just presented. 
If the results of the experiments are divided into two groups, 
one in which the actions on butyrates are greater than on phenyl 
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acetate, and the other the reverse, the number of rats in each 
group is as follows: 
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These results show again the differences in these ester-hydrolyzing 
actions between the extracts of the lungs of rachitic and “‘healing 
rickets’ rats and those of the lungs of normal rats. These differ- 
ences are not apparent in every case, but in enough cases to show 
that they are really significant. 


DISCUSSION 


For the purposes in view in this paper, no emphasis is placed 
on the different ester-hydrolyzing “pictures” of the rat kidney, 
liver, and lung. These pictures have been discussed in detail in 
earlier papers. 

Reference may be made to a few of the individual actions. 
With kidney extracts, the actions on ethyl esters were 50 to 100 
per cent greater than on the corresponding methyl] ester; with lung 
extracts, the actions on the corresponding ethyl and methyl esters 
were much the same; with liver extracts, the actions on the ethyl 
and methyl esters of butyric and benzoic acids were the same, but 
somewhat larger on ethyl acetate than on methyl acetate. These 
are the most significant differences, although others are also 
apparent. 

The kidney and the liver extracts of normal and rachitie rats 
showed no differences in ester-hydrolyzing actions. The lung 
extracts, on the other hand, showed marked differences, the ex- 
tracts of the lungs of the rachitic rats tending more in the direction 
of the embryonic or younger type of action as developed in former 
papers. There was no difference between the rachitic and “‘heal- 
ing rickets’’ rats. 

These results are suggestive. The study of rachitic rats (and 
of rickets in general as far as possible) has always placed con- 
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siderable stress on the presence of the enzyme phosphatase and 
on its action. Phosphatase hydrolyzes esters of phosphoric acid 
and may therefore be considered as an esterase. (There is, of 
course, the obvious difference between esters of an inorganic acid 
such as phosphoric acid and esters of organic acids which are 
generally considered to be hydrolyzed by esterases.) The results 
of these esterase studies may therefore have wider significance, 
and if the phosphatase studies have a direct bearing on rickets, 
these esterase studies may have such a bearing also. However, 
even if the application is not a direct one, the ester-hydrolyzing 
pictures considered as a property of the tissues in question, and 
reflecting changes in these properties under different conditions 
and influences, may aid in throwing light on some of the factors 
involved in the occurrence of rickets. 

The kidneys and livers of normal and rachitie rats are the same 
according to these tests. The lungs are not. Whether this 
difference is the cause, or the result, of rickets cannot be stated. 
It accompanies rickets. Further, even where the rickets in rats 
has begun to be healed by vitamin D feeding, as shown by the 
line test, the lungs still are not normal but present the charac- 
teristics of lungs of rachitic rats. It must be remembered, however, 
that the healing process is only beginning in these cases. 

It is tempting to speculate upon the occurrence of diseases of 
lungs in rachitic animals and humans. That the lung is different 
in rachitic rats from that in the normal seems definite. In 
a recent paper (2) the oxygen consumption of growing rats was 
shown to be diminished in the absence of vitamin D in their diet, 
while if rickets developed, vitamin D administration brought 
about a rise in oxygen consumption. It was considered that 
vitamin D affected directly the sum of the oxidative processes of 
the organism. Other papers might be quoted bearing more or less 
directly on these questions. However, the problem is too new 
and too little direct experimental evidence is available to permit 
of definite conclusions. All that can be said is that the relations 
are suggestive. 


Thanks are due Mr. Julius Axelrod for his aid in carrying out 
the experiments. 
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SUMMARY 


The absolute and relative hydrolyzing actions on ten esters of 
extracts of the kidneys, livers, and lungs of rachitic, “healing 
rickets,’”’ and normal rats were studied by the methods described 
in earlier papers. 

No significant differences were observed with the kidneys and 
livers of the three groups. The results with the lungs of rachitic 
and “healing rickets’ rats were markedly different from those of 
normal rats. The possible bearing of these results and their 
relation to phosphatase actions are briefly discussed. 
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The utilization of homocystine (1) and of methionine (2) in lieu 
of cystine for growth by animals on a cystine-deficient diet 
naturally raised the question of whether this behavior was con- 
fined to these compounds or whether other disulfide or methylthiol 
amino acids might likewise be utilized. The promotion of growth 
by such compounds would, of course, argue against a specific 
metabolic relationship of homocystine and methionine to cystine, 
and would strongly suggest that homocystine and methionine may 
owe their growth-promoting power merely to their supplying sulfur 
in a utilizable form. It was thought that a study of the physio- 
logical behavior of the homologues of homocystine and methionine 
might yield valuable information on this question. The synthesis 
of the disulfide of the 5-carbon homologue of cysteine, bis-6-amino- 
5-carboxybuty! disulfide (pentocystine), and the next higher homo- 
logue of methionine, 5-methylthiol-a-aminovaleric acid (homo- 
methionine) was therefore undertaken and was presented in a 
previous communication (3). The present report deals with the 
growth studies of these compounds. 


EXPERIMENTAL 


The growth-promoting properties of pentocystine and homo- 
methionine were tested by the administration of the compound to 
young white rats upon a cystine-deficient diet. The basal diet 
used was the same as that employed in the study of the utilization 
of mesocystine (4) and had the following composition: casein 6.0, 
dextrin 37.0, sucrose 15.0, lard 19.0, cod liver oil 5.0, salt mixture 
(Osborne and Mendel (5)) 4.0, agar 2.0, and milk vitamin con- 
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centrate' 12.0. It was fed ad libitum and a record was kept of the 
food consumption, which is given in Table I. 

Seven rats from the same litter were used for the study of pento- 
cystine. They were placed on the basal diet for 4 days, during 
which period the average daily loss in weight was 4 gm. per rat. 
At the end of this period two of the rats were given the basal diet 
plus 20 mg. of /-cystine and three rats were given the basal diet 
plus 50 mg. of pentocystine per day. This amount of pentocystine 
is twice the equivalent of the /-cystine supplement and was chosen 
because the former was optically inactive. Two rats were kept as 
controls on the basal diet. All supplements to the basal diet were 


Tasie I 
Food Consumption 


Daily food Daily food 
Su plement to consump- et ae. Sepplement to consump- 








3 


gm. 
l-Cystine 9.8 l-Cystine 

“ 7 , 3 “ee 
Pentocystine 7.0 Homomethionine 


a“ “ 


l-Cystine 


246 J 
241 9 
247 J 
242 9 
244 9 
248 
250 


l-Cystine 








PAAnt ante ean 
WRROeMMOUWO 














given in the form of dextrin pills, one-half of the daily dose being 
given every 12 hours. Dextrin pills of calculated equal caloric 
value were also fed to control Rat 248, and control casein pills 
containing the calculated nitrogen equivalent of the amino acid 
supplement were fed to Rat 250. The results are shown in Chart I. 
To conserve space the parallel weight curves for the first 4 days 
of preliminary feeding of the basal diet alone, and a similar period 
at the end of the experiment are not shown in Chart I. Upon 
withdrawal of the supplement the rats receiving cystine lost weight 


1 The authors wish to thank Dr. Supplee of the Research Laboratories of 
the Dry Milk Company, Inc., for a liberal supply of the milk vitamin con- 
centrate which was used in this investigation. 
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rapidly. Withdrawal of the pentocystine did not change the 
course of the growth curves. 

Litter mates from two different litters were used for the investi- 
gation of homomethionine. Here difficulty was encountered in 





CHART I 
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Cuart I 


feeding the homomethionine pills, and with two exceptions, Rats 
243 and 249, the supplements were incorporated in the basal diet, 
replacing an equal weight of dextrin. J-Cystine was introduced at 
a concentration of 0.3 per cent and the optically inactive homo- 
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methionine at 0.81 per cent, the latter value corresponding to twice 
the sulfur content of the l-cystine. Two animals were given l-cys- 
tine, three homomethionine, and three were kept on the basal diet 
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Cuart Il. Litter A, Rats 243 and 249; Litter B, Rats 259, 260, 262, 263, 
265, and 266. 


alone. Rat 243 after having been 20 days on the homomethionine 
supplement, and Rat 249 after having been on the basal diet for 
24 days, were both given the /-cystine supplement. Chart II 
presents the growth curves for the homomethionine studies. 
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DISCUSSION 


The above experiments showing that pentocystine, unlike homo- 
cystine, cannot be utilized for growth by animals on a cystine- 
deficient diet demonstrate that the ability to replace cystine for 
this purpose is not a general property of disulfide amino acids. 
These observations lend support to the conception that the avail- 
ability of homocystine rests on a specific metabolic relationship 
between this compound and cystine and is not an incidental phe- 
nomenon unrelated to normal metabolism. The experiments with 
homomethionine likewise demonstrate that the ability of methio- 
nine to serve in lieu of cystine for the growth of animals on a cys- 
tine-deficient diet is not a behavior common to methylthiol amino 
acids in general. 

The results can be regarded as another step in the evidence that 
is accumulating that homocystine is physiologically significant. 
The close chemical relationship between homocystine and methio- 
nine and the fact that both substances behave similarly in promot- 
ing the growth of animals on a cystine-deficient diet are, of course, 
very suggestive of a metabolic relationship of homocystine to 
methionine as well as to cystine. In fact Lewis and coworkers 
(6) detected the presence of a non-cystine disulfide compound in 
the urine after the feeding of methionine to rats and rabbits and 
they suspected that this compound might be homocystine which 
could have resulted, as they pointed out, from a demethylation of 
methionine with subsequent oxidation. Vars (7) likewise had 
noted a positive disulfide reaction in the urine after the administra- 
tion of methionine to a phlorhizinized dog. Supporting evidence 
from another experimental approach is afforded by the work of 
Pirie (8) who found that the fluid in which tissue slices were shaken 
with methionine yielded a definite nitroprusside reaction, whereas 
control experiments without methionine gave negative tests. He 
also found that the rate of oxidation of methionine in this system 
was slower than that of cysteine which, as he stated, would be in 
agreement with the idea that demethylation must take place before 
oxidation. Furthermore, it has been shown that homocystine is as 
readily oxidized as either methionine or cystine in the animal body 
(9). Itis also interesting to note that Tarr (10) found that Proteus 
vulgaris and Serratia marcescens were able to produce H.S from 
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homocystine although negative results were obtained with 8-thiol- 
propionic acid. In addition to these lines of evidence a very strik- 
ing series of observations has recently been presented by Brand 
and coworkers. These investigators found that the feeding of 
homocysteine (11) to cystinurics resulted in an increased excretion 
of cystine even as feeding of methionine did (12). It is interesting 
and of considerable significance that after the feeding of homo- 
cystine (13) no extra cystine was obtained in the urine. These 
results with homocystine and homocysteine paralleled their find- 
ings with respect to cystine and cysteine in that only after the 
feeding of the reduced compound did they obtain extra cystine in 
the urine. 


SUMMARY 


It has been found that pentocystine and homomethionine cannot 
be utilized for growth in lieu of cystine, thus demonstrating that 
the availability of homocystine and methionine for this purpose 
is not a general property of either disulfide or methylthiol amino 
acids. The bearing of these results on the question of whether 
homocystine is significant in normal metabolism is discussed. 
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Much work has been done during recent years in investigating 
the calcium partition in the blood of laying hens. From this 
work an attempt has been made to determine the nature of the 
non-diffusible calcium. Although Laskowski (1) and Benjamin 
and Hess (2) investigated the partition of inorganic phosphorus in 
connection with the study of calcium in the serum of the lay- 
ing hen, little has been done concerning the partition of total 
phosphorus. 


Since it has been shown by Hughes (3) that the total phosphorus 
as well as the calcium increases during the laying season, it was 
deemed advisable to investigate more thoroughly the partition of 
phosphorus in the serum of the laying hen. 


EXPERIMENTAL 


The blood serum of laying hens, non-laying hens, and mature 
males was analyzed for total, lipoid, total acid-soluble, inorganic, 
and protein phosphorus, and for calcium. The ultrafiltrate of 
the serum was analyzed for inorganic phosphorus. 

The samples were obtained by heart puncture. The ultrafil- 
trates of the serum were obtained by the method described by 
Nicholas (4). Calcium was determined by the method of Roe 
and Kahn (5) and inorganic phosphorus by Youngburg and 
Youngburg’s method (6). 

The organic fractions of phosphorus were determined colori- 
metrically by a revised method (to be published) in which the 
samples were dry ashed with magnesium nitrate. By protein 
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phosphorus is meant the fraction which remains in the trichloro- 
acetic acid precipitate after repeated extractions with a 10 per 
cent trichloroacetic acid solution and a boiling aleohol-ether mix- 
ture. Iron determinations were made according to the method 


described by Elvehjem (7). 
DISCUSSION 


Data are presented on three groups of chickens: laying hens, 
non-laying hens, and males. The separation of the hens into 
laying and non-laying groups is based chiefly on the concentration 
of calcium in the serum rather than their egg production record. 
No doubt there are several birds included in the group of laying 
hens whose egg production is quite low. 


Taste I 
Average of Results of Analyses of Chicken Sera 
The results are expressed as mg. per 100 cc. of serum. 





Phosphorus 





Total — Ultra- 
Acid- | (lipoid | Inor- | filtra- 
soluble |+ acid-| ganic | ble, in- 
soluble) organic 





7 | 13.2 7 |-0.16) 5.4 | 3.6 


Non-laying hens....| 4 | 11.4 0.60) 3.8 | 2.5 
Laying hens....... 12 | 35.2 9.7} 5.0) 1.8 
































From Table I it can be seen that in the serum of males and non- 
laying hens, the total phosphorus is practically equal to the sum 
of the lipoid and acid-soluble fractions. This conforms with the 
results given for the sera of mammals. 

The analyses of sera of laying hens show a marked difference in 
that the total phosphorus is much greater than the sum of the 
lipoid and acid-soluble fractions. This indicates the presence of 
an additional fraction, most likely a phosphoprotein. Protein 
phosphorus as determined on the serum compared closely with the 
value calculated by subtracting the sum of the lipoid and acid- 
soluble phosphorus from the total phosphorus. In five samples of 
sera of laying hens the protein phosphorus averaged 10.52 mg. per 
100 cc., while the calculated value was 10.33 mg. 
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Another difference noted is the large increase in lipoid phos- 
phorus in the serum of laying hens over that of males or non- 
laying hens. These differences are not surprising since the yolk 
of the egg contains a large amount of lecithin and phosphoprotein 
(vitellin). 

In a paper appearing shortly after the completion of this work, 
Heller, Paul, and Thompson (8) gave results which showed that 
the total and lipoid phosphorus of the blood plasma of the hen 
increase during the laying season. However, they apparently 
overlooked the possibility of an additional phosphorus fraction, 
since they attempted to account for the increase in total phos- 
phorus only by the increase in lipoid phosphorus. 

While attempting to determine the nature of the phosphoprotein 
of the serum of the laying hen, we noticed that its properties re- 
sembled those given by Jukes and Kay (9) for vitellin. The 
protein phosphorus of the serum is quite resistant to acid hydroly- 
sis, being only slowly hydrolyzed by concentrated hydrochloric 
acid at room temperature. It is also resistant to pepsin hydroly- 
sis. It was found that, although the bulk of precipitated protein 
was much less in the pepsin-hydrolyzed serum than in the un- 
treated serum, the protein-phosphorus fraction remained practi- 
cally unchanged. 

According to Hugounerg and Morel (10), the pepsin-resistant 
fraction of vitellin contains 1 part of iron to 19 of phosphorus. 
Analyses of the pepsin-resistant protein fractions of six samples of 
serum of the laying hen gave an average of 1 part of iron to 13.8 
of phosphorus. However, the pepsin-resistant fraction of rooster 
serum also contained a small amount of iron, even though the 
phosphorus was negligible. Serological tests gave some indica- 
tion that the vitellin of the egg yolk is similar to the phospho- 
protein of hen serum. These tests are being continued to deter- 
mine more definitely the relation between the two proteins. 

If the phosphoprotein of hen serum is vitellin, it would be of 
interest to know of the manner in which it is transferred to the 
yolk; ¢.e., whether it is transferred directly or undergoes hydroly- 
sis and resynthesis. Jukes and Kay (11) also have shown a 
similarity between the levitin of the yolk and fowl serum and 
Fraser, Jukes, Branion, and Halpern (12) have traced diphther a 
antitoxin from the serum of a duck, through the egg yolk, to the 
serum of the hatched duckling. 
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The results given in Table I also show that the percentage of 
ultrafiltrable inorganic phosphorus of laying hens is about one- 
half that of males and non-laying hens, even though the total 
inorganic phosphorus may be equal. This is in agreement with 
the results of Laskowski (1), although it is difficult to understand 
how the small increase in non-filtrable inorganic phosphorus could 
account for the large increase of non-filtrable calcium in the serum 
of the laying hen, as he has suggested. 

Although in general the protein and lipoid fractions of phos- 
phorus increase along with the total calcium, no definite relation 
could be found between the non-filtrable calcium and the two 
phosphorus fractions. The work is being continued in an at- 
tempt to determine whether the phosphoprotein or phospho- 
lipids may not account for a part of the non-filtrable calcium of 
the serum of the laying hen. 


SUMMARY 


The total phosphorus of the serum of the laying hen is about 
three times that of males and non-laying hens. 

The lipoid phosphorus of laying hens is also about three times 
that of males and non-laying hens. 

The inorganic and acid-soluble fractions differ only slightly 
in the three groups of chickens. 

The percentage of ultrafiltrable inorganic phosphorus in the 
serum of laying hens is about one-half that for roosters and non- 
laying hens. 

In the serum of males and non-laying hens the total phosphorus 
is equal to the sum of lipoid and acid-soluble fractions. In the 
serum of the laying hen the total phosphorus is greater than the 
sum of the lipoid and acid-soluble fractions, indicating the pres- 
ence of a phosphoprotein. 

The phosphoprotein in the serum of the laying hen was found to 
have properties similar to those of vitellin. Serological tests 
give some indication that the vitellin of the egg yolk is similar 
to a protein in the serum of laying hens. 


BIBLIOGRAPHY 


1. Laskowski, M., Biochem. Z., 260, 230 (1933). 
2. Benjamin, H. R., and Hess, A. F., J. Biol. Chem., 103, 629 (1933). 





R. R. Roepke and J. 8. Hughes 83 


. Hughes, J. 8., Kansas State Agric. Exp. Stat., Directors Report, 104 
(1926-28). 

. Nicholas, H. O., J. Biol. Chem., 97, 457 (1932). 

. Roe, J. H., and Kahn, B. 8., J. Biol. Chem., 81, 1 (1929). 

. Youngburg, G. E., and Youngburg, M. V., J. Lab. and Clin. Med., 16, 
158 (1930). 

. Elvehjem, C. A., J. Biol. Chem., 86, 463 (1930). 

. Heller, V. J., Paul, H., and Thompson, R. B., J. Biol. Chem., 106, 357 
(1934). 

. Jukes, T. H., and Kay, H. D., J. Nutrition, 6, 81 (1932). 

. Hugounerg, L., and Morel, A., Compt. rend. Acad., 140, 1065 (1905). 

. Jukes, T. H., and Kay, H. D., J. Exp. Med., 66, 469 (1932). 

. Fraser, D. T., Jukes, T. H., Branion, H. D., and Halpern, K. C., J. 
Immunol., 26, 437 (1934). 











STUDIES IN STARCH AMYLASE VISCOSIMETRY 


I. A SENSITIVE PRECISION METHOD FOR THE ESTIMATION OF 
AMYLOLYTIC ACTIVITY APPLICABLE TO HUMAN SERUM 


By WILLIAM R. THOMPSON, ROBERT TENNANT, anv CARL H. 
WIES 


(From the Departments of Pathology and Internal Medicine of Yale University, 
New Haven) 


(Received for publication, July 5, 1934) 


The viscosimetric method of estimating enzyme concentration 
was first developed by Northrop and Hussey (1). In studies of 
the effect of irradiation of trypsin and pepsin solutions by Hussey 
and Thompson (2) certain modifications of the original methods 
were employed in order to decrease the opportunity for personal 
influence in curve plotting, as in extrapolation for the initial 
viscosity of the digestion mixture. As their influence was of a 
secondary nature and interest was focused upon the irradiation 
effects, these modifications were not reported in detail until they 
were applied at a later date to starch amylase viscosimetry (3). 
The immediate objective was to facilitate the work of Johnson 
and Wies (4, 5) with the amylase of dog serum and to establish 
some basis for estimating the reliability of the method to be used. 
The method was good enough for the immediate purpose, but it 
was pointed out that serious difficulty was to be expected in 
reproducing a standard substrate solution unless the same lot of 
soluble starch were employed. As noted (3) this was adopted as 
a temporary expedient, but the method was modified almost 
immediately. 

Davison (6) had suggested a method for the viscosimetric estima- 
tion of amylase, but gave no data from which the reliability of the 
method might be gaged. Chesley (7) tested a suggestion of 
Davison that with different lots of starch the concentration in the 
substrate solution be adjusted to give the same viscosity, and in 
this way obtained (with somewhat extreme cases, however) a 
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variation in relative sensitivity ranging from 350 to 2100 on an 
arbitrary scale; while with the Wohlgemuth method he obtained 
a variation ranging from 100 to 2400 in the opposite direction. 

A modification of our original method (3) was suggested by the 
work of Wies and McGarvey (8). As greater precision was ob- 
tained, this method was used in a study of the effect of ultra- 
violet light on pancreatic amylase in solution (9). Their studies 
suggested the possibility, developed in a companion paper (10), of 
obtaining at least a crudely reproducible substrate. 

These methods, however, were not directly applicable to work 
with human serum, owing largely to its relatively low amylolytic 
activity, and to the fact that it caused variations both in viscosity 
and pH of the digestion mixture. In the work of Wies and 
McGarvey (8) as well as that of Chesley (7) the way to obtain 
more sensitive substrate solutions had been indicated. It ap- 
peared that within certain limits the more viscous the solution 
obtained, according to the prescribed method with any given lot 
of soluble starch, the greater would be the sensitivity. However, 
it was found that in some of these systems the reciprocal relation 
between the concentration, Q, of amylase (pancreatin) initially 
supplied, and 7’, the time required for a standard change in vis- 
cosity, did not always hold. 

In view of the observations of Nakamura (11) on the marked 
effect of calcium salts in retarding inactivation of amylase solu- 
tions, it seemed worth while to see if they could be employed to 
advantage in our digestions. Inclusion of small amounts of 
CaCl, (0.0025, 0.005, and 0.01 per cent) in the substrate produced 
significantly increased rates of digestion with pancreatin in the 
absence of serum, particularly in the slower digestions, but no 
appreciable difference when serum was present. Although further 
addition of CaCl, seemed less and less able to enhance the effect, 
it appeared advantageous to develop a system containing a fairly 
high concentration of CaCl. To this end it was decided to 
abandon, temporarily at least, the phosphate in favor of the acetate 
buffer system. The ratio of acetates was taken as that for stand- 
ard solutions of pH 5.1, but with a concentration 1.1 times as 
great, and with 1 gm. of CaCl, per 100 ml. of substrate solution. 
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Methods of Comparison of Digestion Data 


In our work we found it convenient to take, as a basis of com- 
parison of digestion curves, the time (w) such that in the last 
three-quarters of this time a change of 7.5 per cent in viscosity has 
occurred. This does not require a knowledge (nor an estimation 
by means of extrapolation) of the initial viscosity, and in practice 
the evaluation is exceedingly simple. 

This may be done by means of a modified pantograph applied 
to a digestion curve (¢, z) where ¢ is the time of digestion in hours 
and z an estimate of viscosity (or simply outflow time in a given 
viscosimeter) at the time, ¢. The curve is plotted on a large scale 
and, as indicated in Fig. 1, a pantograph (preferably of the com- 
pleted parallelogram type') is set in the ratio, AB: AC = 1:4. 
The point A is made to slide on the z axis by means of a guide and 
an inverted vertical scale, V, (0.1 that of the ordinate scale) is 
attached to the point A as a movable pivot. The end-point is 
found merely by adjustment so that the points B and C of the 
pantograph lie on the digestion curve and the reading on the 
inverted scale (V) on the same level as C is equal to the ordinate 
of B. Obviously, then the elevation of A above C is 10 per cent 
of the ordinate of B and therefore the elevation of B above C is 
7.5 per cent of the ordinate of B. This satisfies the required 
conditions for C to be the end-point. Its abscissa, w, is then the 
digestion time such that a change of 7.5 per cent in viscosity has 
taken place in the last three-quarters of this interval. 

The change of certain conditions in digestion systems (such as 
the inclusion of human serum) may result essentially in an eleva- 
tion of the whole curve. Methods are given below for correction 
in this case as well as for avoiding the actual computation of ¢ 
if the data are available in the form giving instead r, the time at 
commencement of an outflow time measurement. There is no 
increased difficulty with direct use of the data in its original form 
and the conversion, t = r — mm + (8/7200), previously used 
(3, 8, 10), is avoided. 

Assume that a smooth curve has been drawn to represent the 
digestion data, with the time of digestion as abscissa (t, in hours) 
and z as ordinate (representing the time of outflow in seconds 
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estimated for the digesting system in a given viscosimeter at the 
time, t). Let Wo be a calibration constant of the instrument (such 
as the time of outflow required for water under the same condi- 
tions). Then, setting y =z/Wo, we assume that, in terms of y, the 
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Fic. 1, The pantograph as used in evaluation of is set in the ratio, 
AB:AC = 1:4. With A on the z axis and B and C on the digestion curve, 
adjustment is made so that the reading on the ,'y inverted scale (V) at the 
level of C is equal to a (the ordinate of B). Then w is the abscissa of C. 
The usual scale for ¢ is 1 meter to the hour, and for z is 2 cm. to the second. 


digestion curves with different viscosimeters but the same di- 
gestion mixture should be identical. Further assume that within 
certain limits digestion curves in terms of y and ¢ differ only in 
that the time required for a given change in y is inversely pro- 
portional to the concentration, Q, of a catalyst for digestion 
systems differing only in Q initially. 
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Now, as in Fig. 2, if a straight line be drawn through any point, 
B, on such a curve and a later point, C, it is assumed that this 
straight line extended will slope downward from a point, A, of 
intersection with the z axis to a point, D, on the ¢ axis, and that 
B and C are the only points of the digestion curve on AD and 
that the are BC will lie below BC. 


-p2 


i= 











oO [t-axis] 


Fig. 2. Schematic representation of the method of avoiding computation 
of t, by using instead the data directly as obtained. The V scale should 
be maintained vertical in any case, unless the difference from unity of the 
cosine of the angle of inclination is negligible. The effect of adding a 
constant to all absciss# is obvious. 


Let the coordinates of B be called (¢,, 2:) and those of C be 
(te, 22). _Then it is obvious that ye/y, = 22/2; = CD/BD and that 
ti/te = AB/AC. 

Assume that for some fixed value, g, for the ratio t,/t, (} in the 
present work) there is a convenient interval (e.g.,0 < th < (a 
constant/Q)) such that z:/z; is a decreasing function of &. Then 
for some convenient fixed value, ¢, (0.925 in the present work) 
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there is one and only one position of the points B and C satisfying 
the conditions t/t, = g and 2/z, = ¢. Let w be identical with 
the corresponding value of t (the abscissa of C). Then with 
u = Q X aw, it follows that u is constant. 

Assume that A, B, C, and D (as in Fig. 2) are located in this 
manner, then g = t/t = AB/AC and ¢ = m/z; = CD/BD; i.e., 
the proportions of division of the straight line ABCD are fixed. 
Consider points A’, B’, C’, and D’ having the same ordinates 
respectively, but displaced to the left by an amount (pz) propor- 
tional to these ordinates. Then D and D’ coincide and A’, B’, C’, 
and D’ lie on a straight line which they divide in the same propor- 
tion as given for the line ABCD. It is obvious that if the curve 
for points (t—pz, z) had been plotted instead of the (¢, z) curve, 
that by running the first point A’ of the modified pantograph 
along the line (¢ = — pz) sloping back from the origin, and running 
the other points (B’ and C’) on the given curve until the reading 
level with C’ on the inverted vertical scale below A’ was the same 
as the ordinate of B’, then the abscissa of C’ plus p times its 
ordinate would be w. Extension to the direct use of a (¢ + ro — 
pz, z) curve is obvious. A’ is then run on the line (¢*= ro — pz), 
and, by the same procedure as before, the abscissa of the end- 
point C’ plus p times its ordinate and minus ro isw. In our present 
work a mean time of about 4 minutes is required for plotting and 
evaluation in this manner from the original data. 

The cases so far considered may be called the basic system. 
Obviously the result is obtained without evaluation of W» and is 
independent of variation in instrumental calibration coefficient, 
which might otherwise be of considerable importance (e.g., when 
the initial viscosity is estimated by means of a conventional blank 
and the instrument cleaned with hot water, etc.). Consider, 
now, the case where something is introduced into a digestion 
mixture which has essentially the effect of elevating the whole 
digestion curve. In observations with different viscosimeters this 
effect should be the same in terms of y but not necessarily in 
terms of z. Such effect can be detected by noting the value of 
Yi = 2:/Wo, and a correction to the w estimate may be introduced 
by means of a tabulation or simple interpolation formula obtained 
by actual elevation of a curve of the basic system by given amounts. 
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An alternative is to use for each instrument the mean value of 
y: for the basic digestion systems, e.g. starch-pancreatin digestions; 
but the former method admits introduction of the correction to the 
mean w obtained for companion curves for the same digestion 
mixture, and permits the estimation of relative precision aside 
from the variations in instrumental calibration coefficient. Let 
Ay, be the difference between y, obtained and the mean basic 
value. Then the correction may be made for the mean Ay; in 
companion curves to w’, the mean crude w estimate. 


Basic Digestion System 


The substrate was prepared in the manner previously described 
(3) with the following exceptions: 3 gm. of soluble starch dissolved 
in 15 ml. of m sodium acetate and 45 ml. of distilled water were 
autoclaved as usual (at 120° for 20 minutes), after which 5 ml. 
of m acetic acid were added, and the whole transferred to a 100 ml. 
volumetrie flask containing 10 ml. of 10 per cent CaCl in 0.15 m 
sodium acetate and 0.05 m acetic acid, and diluted to volume with 
distilled water. The temperature was maintained just above 50° 
as usual; the solution was mixed, filtered through a No. 2 Whatman 
paper, and transferred to the 37.50° thermostat described pre- 
viously (3). At that temperature 20 ml. lots were measured out, 
which with addition of 4 ml. of enzyme solution formed the di- 
gestion mixtures. The enzyme solutions were prepared as for- 
merly, but as a variation a part of the CaCl, and acetates required 
above in the digestion mixture were sometimes included in the 
enzyme solution provided that appropriate decrease was made in 
the preparation of the substrate. The substrate preparation was 
always the same, however, up to and including the autoclaving. 
As an additional variant smaller volumes of enzyme solutions were 
used, provided that the difference was first made up by addition 
of water or solutions so that the various salt concentrations were 
finally as specified. 

First the system was tested to ascertain whether the reciprocal 
relation between Q, the enzyme concentration, and w held. Two 
simultaneous digestions were run with 3 times as much pancreatin 
in the second as in the first. Each was followed in three viscosim- 
eters, and the mean values of w thus obtained were designated 
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w, and w:, respectively. If the reciprocal relation holds, w, = 
3 X w. The values for four such experiments are given in Table 
I, together with the values of R = (Q; X w:)/ (Q: X we), where 
Q. = 3 X Q:. The mean value of R = 1.024 with an average 
deviation of 0.009. The starch used in this work was designated 
Lot IX. It was Merck’s Lot 33543 soluble starch according to 
Lintner, and was intermediate in sensitivity between the lots 
previously (8, 10) designated as Nos. VI and VII. 

In certain other experiments different substrate preparations 
were employed. These differed in the source of starch (lot 
of soluble starch), its concentration, the concentration and nature 
of inorganic constituents, and the resulting pH. In such work 
pH is often used rather loosely to indicate the pH which the buffer 


TABLE I 


Approximate Reciprocal Relation between Concentration of Enzyme and w, 
Time in Hours Such That 7.5 Per Cent Decrease in Viscosity Occurred 
in Last Three-Quarters of This Digestion Interval 





Experiment No. Q2/Q: wi wr «i /3 on 





1.299 0.420 1.031 
2.532 0.818 1.032 
2.056 0.668 1.026 
1.144 0.379 1.006 

















system would have under the conditions in which pK, = 14, ap- 
proximately 22°. This is not necessarily the true pH of the system; 
and, in order to avoid ambiguity, this quantity may be design- 
ated as ». For the system mentioned above y = 5.1. 

Two similar experiments were performed with a substrate sys- 
tem differing from the above only in that each 100 ml. of substrate 
solution contained 1.98 ml. of m acetic acid and 21.02 ml. of m 
sodium acetate, giving » = 5.62. The values of R were 0.989 
and 0.972. This system was calibrated indirectly against the 
old standard system (8) and the coefficient, 1» = Q X w, where 
Q is the estimated pancreatic amylase concentration in the reaction 
mixture, was estimated as i = 0.01890 with a probable error of 
0.00025, approximately 1.3 per cent of 2. 

It was desired to calibrate against this system several others 
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differing from it only in the ratio of acetic acid to sodium acetate 
in the substrate as added, the total acetate concentration being 
the same. It is convenient to distinguish these simply by using 
as a subscript (a), the concentration of acetic acid in millimoles per 
liter. This was 55.0 for the system first mentioned and 19.8 for 
the second. Digestions with the same pancreatin concentration 
were followed (each in triplicate) with three substrate systems, 
Sie.s, Ss74, and Sss.o. Thus estimates of corresponding values of 
u were obtained from ratios of the means of corresponding values 





Sa 


oH 


Fia. 3. @ is the acetic acid concentration of the substrate solution in 
mo perliter. P is the value of w obtained divided by that obtained for a = 
55. » (entered on the graph in parentheses) is the pH the buffer system 
would have at 22°. 


of w, giving mean values for four such experiments of ys374 = 
0.02510 and uss = 0.03045 with relative average deviations of 1.1 
and 1.5 per cent, respectively. Two similar experiments were 
performed by comparing Sso and Sjo5 with Sss, from which it was 
estimated uso = 0.03484 + 0.00024, and yio5 = 0.03683 + 0.00018. 
A graphic representation of these results is given in Fig. 3, where 
0.03045 X P = u. 

As a unit concentration was required in the enzyme solution or 
i unit in the reaction mixture in former work (3, 8) to give the 
end-point (a standard change) in 1 hour, obviously, the new 
systems, Sys and Sj) s, are about 5.5 and 8.8 times as sensitive, 
respectively. 
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Digestions with Human Serum 


From some points of view even though the system Sss is less sen- 
sitive than S,9.s, it is preferable for digestions with human serum. 
Accordingly with S;;, errors due to pH shift or viscosity elevation 
being temporarily ignored, simultaneous digestions with 1 and 2 
ml., respectively, of the same serum per 24 ml. of reaction mixture 
were followed in triplicate. Let «, and w., respectively, represent 
the mean values of w directly obtained; then for four experiments 
the mean value of w,/2 X we was 1.012 with an average deviation 
of 0.019. The serum was obtained from different individuals for 
each of these experiments, which indicate approximate compensa- 
tion of errors due to pH and viscosity shift. As to viscosity ele- 
vation, it was found that for sixteen curves for pancreatin digestions 
the mean y; = 2.510 with an average deviation of 0.008; whereas 
with the digestions mentioned above with 1 ml. of serum 9, = 2.548 
with an average deviation of 0.009, and with 2 ml. of serum 9, = 
2.589 with an average deviation of 0.012. The corresponding 
errors were 1.9 and 3.9 per cent due to these elevations according 
to estimation by the method previously described. 

Before attempting correction for pH shift or viscosity elevation, 
however, certain experiments may be considered which would be 
practically unaffected by such corrections. First, let a be the 
estimated amylase concentration in a 24 ml. digestion mixture 
containing 2 ml. of a pancreatin solution, 6 that of another con- 
taining 2 ml. of a sample of human serum, and c that of a third 
mixture containing 1 ml. of each. Then, if the additive law holds 
for these systems, the expected c = (a+b)/2. If the errors pro- 
duced by the presence of serum are small and approximately 
proportional to the amount of a given sample of serum used in the 
above mixtures, and a and b are approximately equal, then the 
value of the ratio, 2c: (a+), should be sensibly the same whether 
crude or corrected values for c and b are used. In five experiments 
designed accordingly the values obtained for this ratio were: 
1.001, 1.045, 1.004, 1.022, 1.035, with sera from three different 
individuals (mean = 1.021 with an average deviation of 0.015). 

This is in striking contrast with the case of a system employed 
by O’Donovan and Davison (12), who reported that pooled normal 
human serum, which itself produced no appreciable amylolytic 
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effect in this system, induced greater amylolytic activity when 
introduced into pancreatin digestion mixtures—a 20 per cent 
change in viscosity being produced in less than half the time re- 
quired for the same system in the absence of serum. 

In another series of experiments investigation was made as to the 
relative activity of the same amounts (1 ml.) of the same serum in 
24 ml. digestion mixtures with the same substrate systems, Ss, 
Ss74, and Sos, used in the pancreatin experiments mentioned 
above. As the viscosity elevation error was small and about the 
same throughout, it should not appreciably affect these relative 
values. The errors arising from shifts of pH were reduced by 
titration separately of 1 ml. of the same serum in 10 ml. of re- 
distilled water with HCl, with methyl red as indicator and stand- 
ard acetate buffer comparison. The protein error and buffer 
effect beyond 5.6 appeared small in possible effect on sensitivity 
of the reaction systems; and so the amount of HCl required for 
adjustment to match pH 5.6 was included in each digestion system. 
Each digestion was followed in triplicate; and four such experi- 
ments were made with serum from a different person in each. 
The mean w for each digestion is given in Table II. 

The values of » estimated for the three substrate systems with 
pancreatin were in the proportion, 1.000:0.824:0.621. In order to 
avoid undue emphasis on any one of the simultaneous digestion 
systems in each experiment of Table II, and to furnish a basis for 
comparison of relative values of w, the critical numbers R were 
computed, proportional to w/uz and reduced so that the mean was 
unity for each experiment. Thus, approximately, R = (Q X w)/x. 
These values are given in Table III with means and average 
deviations. Ideally, if relative activity were the same for serum 
amylase as for pancreatin amylase, R = 1 throughout. There 
appears to be no significant difference between such relative 
activity with pH in the explored range and with the given sub- 
strate systems regardless of the presence or absence of other con- 
stituents of serum. Justification is thus established for making 
an allowance by use of values of y (illustrated in Fig. 3) tabulated as 
a function of alkaline shift or decrease in acetic acid concentration 
brought about by inclusion of the given amount of serum in the 
digestion mixture. Thé serum titration should run to pH = 7 
for the digestion mixture, of course; but little error would be 
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introduced in the above experiments if the serum alone were 
titrated to any pH in the range, 5.1 to 5.6. With 20 ml. of Ss; + 
2 ml. of water + 2 ml. of normal human serum, the error due to 
neglect of pH shift alone would be about 6 or 7 per cent; but if 
viscosity elevation (Ay,) were neglected also, the total error would 
be about 1 to 3 per cent. For deviations of the magnitude en- 
countered in such work a simple linear interpolation formula has 


Taste II 
Variation of w with Same Serum Content but Different pH 
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1.676 
1.355 
1.024 
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Ssr4 
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*w = 0.03045 x P. 




















Tasie III 
R, Entries of Table II Divided by Corresponding P and Then Multiplied by a 
Constant for Each Experiment Such That the Mean of the 
Three Entries Is Unity 
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R 
1.012 
0.993 
0.995 





R 
1.002 
1.020 
0.978 


R 
0.983 
1.017 
1.001 








R 
0,991 
1.019 
0.990 





0.997 
1.012 
0.991 





0.010 
0.010 
0.007 





been found satisfactory. Thus a combined approximation for- 
mula was obtained, 


0.03045 (1 — 0.05 X v X u) 
w(1 — 0.49 X Ay) 





(1) 


v 
ae e= 


where Q is the pancreatic amylase concentration in the reaction 
mixture, Q, is that in the serum of which a volume, », is contained 
in 24 ml. of reaction mixture, and u is the titer (as indicated above) 
of 1 ml. of serum with 0.1 m HCl. 

When Lot VI of soluble starch was used instead of Lot IX, as 
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above, with conditions otherwise the same, values of w were 
about 42 per cent greater for a = 55. Six experiments were run 
with human serum from different individuals in each and following 
each digestion in triplicate, as in the experiments of Table II, 
except that in digestions Lot VI starch and twice the serum concen- 
tration were used and only two values of acetic acid concentration, 
a = 19.8 and 55.0, were compared. The mean ratio of corre- 
sponding values of w was 0.621 with a relative average deviation of 
1.3 percent. This is exactly the same as that obtained in the same 
way, with starch of Lot [X with pancreatin. Similarly with 
serum and Lot [X starch (cf. Table II) a mean ratio of 0.618 was 
obtained. There was a relative average deviation of 1.5 per cent 
in both cases for four experiments. Thus it is apparent that the 


TaBLe IV 
Serum Amylase Concentration in Same Individual at 2 Hour Intervals 


Serum m. 9am. | llam./ Ip.m. | 3p.m. | 5p.m. Mean as 








per cent 
654 | 0.748 . 4.4 
581 R , 4.4 
387 | 0.382 1.5 





























relative change in activity of the amylolytic agent with the given change 
in a (and consequent pH shift) is independent of the presence or 
absence of the other constituents of normal human serum or of a change 
to another lot of soluble starch considerably different in character, 
under the given conditions. 

With normal human serum the variation found in u would 
have only a small effect upon the correction term of Equation 1, 
and so the mean value of u for similar sera was used where the 
titration could not be performed, as in the case of previous ex- 
periments. Thus for nine normal individuals the mean Q, was 
0.534 unit with an average deviation of 11 per cent. 

The reliability of the method described for Ss; and reproduci- 
bility of estimates with different samples of serum from the same 
individual are indicated by certain experiments wherain samples 
were taken at approximately 2 hour intervals from 7 a.m. to 5 





98 Starch Amylase Viscosimetry. I 


p.m. The first few experiments of this kind are given in chron- 
ological order in Table IV. 

Serum was obtained by drawing blood from veins of the arm; 
it was allowed to stand at room temperature for } hour, and then 
3 hour or more (not over 12 hours) in the refrigerator; then the 
clots were broken up, and the sample capped, centrifuged at high 
speed for 20 minutes, and then decanted. This was svored in the 
refrigerator until used. In the experiments of Table IV the 
morning samples were run in the afternoon, and the afternoon 
samples were run the following morning in the viscosimeter. 
There appears to be no appreciable error induced by such delay. 


DISCUSSION 


The present system is standardized against the old system (8) 
so that in our work (3-5, 8, 10, 13, 14) the same arbitrary unit of 
concentration of pancreatic amylase is always employed. Sim- 
ilar results have been obtained with other lots of soluble starch 
but with different calibration coefficients, 1. The reproducibility 
of the fundamental standard is in need of further improvement. 
However, for the present purposes a considerable stock of the 
standard lots is available against which precise calibrations may 
be made. At any rate the method previously suggested (10) 
for reproduction of an approximately standard substrate affords 
a considerable reduction of the difficulty pointed out by Chesley 
(7), which was illustrated also in the work of Wies and McGarvey 
(8). Formerly variations of more than 100 per cent were some- 
times encountered. 

As in the work (2, 9) where control and irradiated solutions are 
compared, when relative values are most important, precision may 
be gained by prior dilution of the enzyme solution in order to ob- 
tain approximately the same activity in the digestions to be com- 
pared. About 0.5 to 0.8 hour has been found a convenient time to 
reach the end-point. The w method greatly expedites the work by 
avoiding the necessity of running 0 readings or estimating z» by 
other means such as extrapolation. The use of the modified 
pantograph and relations permitting direct plotting of observed 
outflow fimes (s) and time of beginning its observation (r) sim- 
plifies the technique, and, of course, is applicable even to the former 
methods as these are a special case (g = 0) of the w method. In 
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preliminary work with another substrate system the w method 
for g = } and ¢ = 0.925 was compared on the same curves with 
To and 7's, where 7, is the time in hours required for a decrease 
of r per cent from the initial viscosity (or zo) estimated by extrap- 
olation. When AT = Tio — 7's, it was found for twenty-four 
digestion curves that mean (A7'/w) = 0.532 with an average 
deviation of 0.6 per cent while the mean (710/w) = 0.943 with 
an average deviation of 1.9 per cent. Situations in which other 
methods of evaluation may be preferable have been discussed by 
Northrop (15). 

It is interesting to note the small difference in w induced by 
variation in concentration of CaCl, or of acetate provided that the 
ratio of acetic acid to total acetate is unchanged. Thus in four 
experiments (each followed in quadruplicate) where w; represents 
the mean value of w for the system, Ss, and w, that for a system 
differing only in that the concentration of acetates was 21/11 as 
great, the same amount of pancreatin being used in compared 
digestions, a mean w;/w, = 1.023 with an average deviation of 
0.021 was found. Similarly, with a substrate solution like Sj».s 
except that CaCk concentration was, respectively, 0.5, 1.0, and 
1.5 per cent, simultaneous digestions with the same amount of 
pancreatin gave w, we, ws, respectively, such that w:/w, = 0.965, 
0.965 and w;/w, = 1.021, 1.038. 

The hypothesis that the amylolytic activity of pancreatin is 
due to the action of a chemical individual is supported by the 
monomolecular character of its inactivation with ultra-violet 
light (9). That the same individual is responsible for amylolytic 
activity of human serum is indicated by the experiments in Tables 
II and III, where the relation between variations of activity and 
pH is found to be the same as for pancreatin solutions, even when 
a different lot of soluble starch with a relative sensitivity about 
seven-tenths as great is used. Furthermore, these experiments in- 
dicate that, if pancreatic amylase solutions of reproducible activity 
could be obtained, they could be used to calibrate substrate systems 
even though the latter were not reproducible with different lots 
of soluble starch or composites. Work on the isolation of this 
enzyme has been conducted by Waldschmidt-Leitz (16) and others. 

Conversion of the results of Table II to the form of Table III 
was based upon the ratio of activity found in the similar experi- 
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ments with pancreatin. Similarly, in former experiments (3, 8) 
functions of all the data of each of a set of experiments have been 
employed as a basis of comparison between them. The function 
has been represented by J with slightly different meaning accord- 
ing to experimental form, but with the same purpose as the con- 
version in Table III; 7.e., to furnish a fairly stable basis for com- 
parisons of relative times for similar effects between experiments 
where the conditions require use in similar manner of enzyme solu- 
tions differing in activity, which may be supposed, at least ten- 
tatively, to induce proportional difference in the observed quan- 
tities. The use of J in no way altered relative values within any 
given experiment. Of course, we are not concerned with any such 
procedure in the ordinary use of the methods where enzyme con- 
centration is estimated simply by Q, the reciprocal of the time in 
hours for the standard change in the digestion systems. With 
pancreatin solutions the present method of calculation is no more 
complicated, and with serum only slightly so by introduction of 
adjustment factors for the influence of pH or viscosity shift, as in 
Equation (1). 

In estimating errors of observations, in order to indicate that 
they are negligible for a given purpose, it may be admissible merely 
to run duplicates; but such estimates are notoriously deceptive 
and of little value if the primary purpose is to compare or contrast 
expectations of error in rival methods. If such methods are pro- 
posed for extensive use there appears to be little to recommend 
such a limitation. Differences between duplicate observations 
indicate little more than the care of the technician in carrying out 
a prescribed procedure, and this objection is not removed by 
averaging several such differences between pairs. A striking 
example of this is given in the data of an earlier communication 
(8), where the reason for limitation to a pair of viscosimeters for 
each digestion mixture is given. If only the data of Experiment 
III of Table II of that paper (8) were available, comparison of 
duplicates would indicate a greater reliability than seems justified 
when five such experiments are examined. Furthermore, it 
might be supposed from the partial evidence, particularly if the 
weakest of the four digestion mixtures be omitted, that the recip- 
rocal relation between concentration of enzyme and time for a 





Thompson, Tennant, and Wies 101 


standard viscosity change is approximated more closely for the 
first two digestions (requiring about } and } hour to reach the 
end-point) than for slower digestions; but little justification ap- 
pears for such a contention in view of all the results with this 
particular starch substrate. However, with substrate systems in 
which the enzyme may be very unstable such a condition may well 
be realized. 

We have tested the effect of inclusion of 0.01 per cent of CaCl, 
in a substrate otherwise the same as that used by Wies and 
McGarvey (8). In other work relative differences seemed to be 
greater the slower the digestion rate, as would be expected if the 
effect were largely a result of stabilization. Thus two slow di- 
gestions were followed, one in triplicate and one in quadruplicate, 
respectively with and without CaCl, and giving values of 7’ (the 
time in hours for a 15.8 per cent change in viscosity) of 2.173 
(average deviation, 0.054) and 2.145 (average deviation, 0.086). 
Such concentration of CaCl was found by Nakamura (11) to 
have marked effect in stabilization of the enzyme against heat 
inactivation. With other substrates (e.g., Lot VII soluble starch 
of the earlier reports (8, 10)) we have obtained effects with 0.01 
per cent or less of CaCl, (in systems otherwise the same), which 
closely resemble the increased digestion rates produced by 
O’Donovan and Davison (12) by addition of human serum to a 
system in which it alone had little or no amylolytic activity. The 
purpose of the present work, however, was not to distinguish 
between stabilization and activation otherwise, both of which 
may occur, but to develop a system in which, at least approxi- 
mately, pancreatin as well as serum would exhibit the same ac- 
tivity for the same amylase concentration; 7.e., that digestion 
rates be sensibly independent of the presence of other constituents 
of serum. This is shown in the test of the additive law with pan- 
creatin-serum mixtures, and the variation of relative activity with 
pH of pancreatin and serum separately. 

Elman and McCaughan (17) and their coworkers have used a 
viscosimetric method of estimating amylase in human serum. 
The precision claimed is about 10 per cent, but sufficient for their 
purposes in investigating major variations in the amylolytic 
activity of human serum. As has been stated, the work of Johnson 
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and Wies (4, 5) had a similar object; and the method employed (3) 
at that time was precise enough for their purpose. However, we 
wished to obtain methods of greater precision than this or the 
modified method of Wies and McGarvey (8) in order that sig- 
nificance might be attached to smaller variations in studies such 
as those which have occupied the attention of many investigators, 
where no significant differences could be found but errors of 
method were of considerable magnitude (18). Furthermore, 
with precise methods of estimation of relative amylolytic activity 
it is possible to study variations produced by modifications of the 
digestion system, such as the pH differences treated above; and 
thereby present evidence as to the similarity of quality as well as 
estimate quantity of the amylolytic agent. Thus with a system 
which may contain several different amylolytic agents, provided 
that the additive law holds (the activity of the aggregate is equal 
to the sum of the separate activities of the components), studies 
of such relative effects of given modifications of the substrate sys- 
tem upon the activity of the separate components may lead to a 
system of linear relations whose simultaneous solution may be used 
to evaluate the concentrations (possibly in arbitrary units) of n 
different amylolytic agents in a mixture from data of digestion 
rates in n given substrate systems. Failure to obtain differences 
in relative variations under such conditions with two enzyme solu- 
tions indicates that relative activity of the same enzyme or set of 
enzymes present in the same proportion is being measured. Under 
conditions where a definite proportion persists between certain 
substances, their aggregate is considered as a chemical individual. 
Evidence that at least the principal source of serum amylase is the 
pancreas has been presented by Zucker, Newburger, and Berg (19) 
and others (4, 5, 17). 

Recently several authors (11, 20-24) have studied stabilizing or 
activating effects of various substances alone or in combination. 
Mystkowski and Landau (20) report that CaCl makes systems 
insensitive to effects of glycine, which otherwise tends to increase 
digestion rates, a phenomenon similar to that used in the present 
work to avoid influence on amylolytic activity of other constituents 
of human serum. The validity and significance of the achromic 
iodine and the copper reduction methods have been discussed re- 
cently by Chesley (25). 
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SUMMARY 


1. A generalized method of evaluating catalytic activity from 
digestion curves is presented, which may be applicable to many 
other systems. . 

2. Automatic methods are suggested and applied which lead 
to great simplification in technique in respect both to observation 
of digestion and to evaluation. 

3. A precise method of estimation of amylase, applicable to 
human serum, is described. 

4. Judged by variations of relative activity with shifts of pH, 
the character of pancreatin amylase agrees closely with that of 
human serum, regardless of the presence of other constituents 
of serum and independent of a change to a substrate (with a 
different lot of soluble starch) about seven-tenths as sensitive, 
provided other conditions are the same. 

5. CaCl, is included in substrate preparations to avoid in- 
stability of the enzyme and in order that the additive law may 
hold at least approximately when human serum and pancreatin 
are both in the reaction mixture. 

6. Six samples of blood drawn from the same individual at 
2 hour intervals in three cases showed average deviations of 
4.4, 4.4, and 1.5 per cent. 


A considerable portion of the technical work in these experi- 
ments was carried out by Mr. Emery F. Barringham. 
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In a previous publication (1) evidence was presented that a 
blood calcium-raising principle, identifiable with a protein fraction 
extractable from parathyroid glands, is reversibly inactivated by 
formaldehyde and acid methyl alcohol, and irreversibly inacti- 
vated by nitrous acid and acetic anhydride. These observations 
were interpreted as indicative of the presence of an NH, group, 
or an NH group, in the hormone molecule. 

The work described in this paper includes a further study of the 
inactivating action of nitrous acid, as well as additional informa- 
tion on the stability of parathyroid hormone. Our data show 
that parathyroid hormone in acid solution is easily destroyed by 
certain oxidizing agents, but appears to be unaffected by reducing 
agents. Furthermore, our data indicate that cystine, or the disul- 
fide linkage, does not occur in the hormone molecule. 


EXPERIMENTAL 


Evaluation of Hormone Potency—The two hormone preparations, 
which were used in these studies, were prepared by methods previ- 
ously described (2, 3), and the procedure of Collip and Clark (4) 
was followed in the determination of physiological potency. Cal- 


* Abstracted, in part, from dissertations submitted by William P. Bell 
and Christobal Vicens-Rios to the Graduate School of Loyola University in 
partial fulfilment of the requirements for the degree of Master of Science. 
A portion of the data given here was presented before the Biological Divi- 
sion at the meeting of the American Chemical Society at Chicago, Sep- 
tember 11, 1933, and also before the American Society of Biological Chem- 
ists at New York, March 29, 1934. 
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cium analyses were ade by the Kramer and Tisdall method (5) 
as modified hy T'w:.ay and Koch (6). 

Thirty dogs were used in evaluating the potency of the hormone 
preparation on which the action of oxidizing agents was studied. 
Ten of the animals were injected, subcutaneously, with a dose of 
1 mg. per kilo of body weight, and the minimum, maximum, and 
average serum calcium increments 15 hours later were 0.05, 3.20, 
and 1.73 mg. per cent, respectively. The animal variability in 
response to heavier dosage also was striking, but the average 
increase in serum calcium was roughly proportional to the weight 
of hormone material injected, as has previously been observed by 
Collip and Clark (4). Twenty dogs were injected with 3 mg. per 
kilo of body weight, and the minimum, maximum, and average 
calcium increments were 1.70, 8.05, and 4.74 mg. per cent, 
respectively. 

Twenty-seven dogs were used in evaluating the potency of the 
second preparation, and an average augmentation in serum calcium 
of 4.71 mg. per cent was found for the heavier dosage, which also 
was administered in all of the potency tests in the experimental 
work described below. 


Action of Various Chemical Reagents upon Parathyroid Hormone 


Nitrous Acid—aAs it previously had been shown (1), under the 
conditions imposed by Dunn and Lewis for the deamination of 
certain proteins (7), that a deaminized product was obtained which 
was completely devoid of activity, the desirability of determining 
with more exactness the relation of the deaminizing action of 
nitrous acid to its inactivating effect caused us to resort to a pro- 
cedure similar to that employed by Freudenberg and coworkers 
(8) in a study of insulin. 

Suitable quantities of the hormone preparation were suspended 
in commercial glacial acetic acid in centrifuge tubes, and isoamyl 
nitrite was added in sufficient concentration (4.8 to 14.6 per cent). 
The tubes were closed, and allowed to stand at room temperature 
for different periods of time, ranging from 5 minutes to 24 hours, 
after which the hormone material was recovered to the extent of 
80 to 85 per cent by the addition of 2 volumes of acetone, and 
centrifugation. The recovered material was washed free of excess 
acid by means of acetone, and dried in vacuo. 
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After contact with nitrous acid for 5 minutes, 11.3 per cent of 
deamination ad occurred, and the maximal increase of 4.6 mg. 
per cent in serum calcium was produced. Contact with nitrous 
acid for 1 hour resulted in 34.6 per cent of deamination, but the 
recovered product gave no serum calcium increment. The twelve 
products, deaminized to the extent of 11.3 to 34.6 per cent, gave an 
average increase in serum calcium of 1.88 mg. per cent. Ten other 
products, which were 35.3 to 74.2 per cent deaminized, gave an 
average augmentation in serum calcium of only 0.21 mg. per cent, 
which is somewhat below the average normal physiological varia- 
tion. Eleven potency tests on portions of the hormone prepara- 
tion, which had been in contact with glacial acetic acid alone for 
periods of time corresponding to that used above, gave minimum, 
maximum, and average serum calcium increments of 3.35, 8.59, 
and 5.15 mg. per cent, respectively. 

The data show that the deaminizing action of nitrous acid does 
not entirely account for its inactivating effect, and suggest that 
some other reaction was at least partially responsible. In pursu- 
ance of a fuller interpretation of the inactivating action of nitrous 
acid, we decided to subject the hormone to an oxidizing reagent 
under conditions which would permit oxidation unaccompanied 
by deamination. 

Hydrogen Peroxide—Portions of the hormone preparation were 
stirred into aqueous hydrogen peroxide, varying in concentration 
from 0.07 to 0.7 per cent (by weight), in the ratio of 100 mg. of 
solid to 1.3 ec. of solution, and allowed to stand, with occasional 
stirring, for 1 hour at room temperature. 10 volumes of acetone 
were then added, and the material was recovered and dried in the 
usual manner. 

No apparent inactivation was produced by 0.07 per cent HO», 
but a large part of the potency was dissipated by 0.2 per cent 
H,O,. Almost complete destruction of the hormone was effected 
by 0.7 per cent H,O2, since only one of the six dogs injected with 
the preparation showed a serum calcium increment as much as 
0.5 mg. per cent in excess of the average normal variation. Sev- 
eral analyses for the amino nitrogen' of these products by the 
Van Slyke procedure (9) have shown that the original value was 


' The free amino nitrogen displaced by nitrous acid within a period of 
5 minutes. 
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unchanged. We are, therefore, inclined to believe that inactiva- 
tion by nitrous acid, which is also weakly oxidative, may be due, 
at least in part, to oxidation. 

It may be added that further confirmation of inactivation by 
oxidation was observed in additional experiments in which it was 
found that 0.01 n KMnQ,, when added in slight excess of the 
amount consumed by the hormone preparation in 0.01 nN H,SO, at 
room temperature, completely destroyed hormone potency. 

Hydrogen Sulfide—In view of the demonstrated sensitivity of 
the hormone to oxidizing reagents, we were interested in obtaining 
information on the effect of reducing reagents. Some attempts 
were first made to determine whether inactivation of the hormone 
could be produced by hydrogen sulfide under conditions which 
otherwise were known to be consistent with retention of full 
potency. Three types of experiments were performed with the 
following results: (1) The hormone preparation in finely divided, 
dry, solid form was kept under a positive pressure of H,S gas in 
the absence of air at room temperature for 48 hours. (2) A 
stream of H,S gas was passed through a slightly acid, aqueous 
solution of the hormone at 90° for 14 hours. (3) An aqueous 
solution of the hormone, 0.05 n in NaOH, was kept saturated 
with H,S gas for 24 hours at room temperature. 

The three products thus obtained were subjected, respectively, 
to two, four, and three potency tests. Without exception the 
potency values were approximately 20 per cent below the average 
value of 4.71 mg. per cent, which was found for the original hor- 
mone preparation. It is questionable, however, whether any 
inactivation due to reduction occurred. Inasmuch as removal of 
H.S after contact with the hormone material, either by aeration 
with nitrogen or by exposure to reduced atmospheric pressure, 
was only partially accomplished, we are of the opinion that 
adsorbed, or chemically combined, hydrogen sulfide may have 
modified in some way the usual physiological effect of the hormone. 

Attention was next directed to reagents which could be more 
completely removed after a period of contact with the hormone. 

Sodium Sulfite—Solid Na,SO; in the required amount to give 
a 5 per cent solution was added to a 1 per cent solution of the 
hormone in a phosphate buffer of pH 3. The pH was shifted 
toward neutrality, but remained on the acid side. After standing 
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for 1, 34, and 20 hours, the mixtures were dialyzed in small cello- 
phane bags in running distilled water for 48 hours. The hormone 
solution was then made to known volume, and without determina- 
tion of possible loss, was tested for potency in the usual way. 
The eight potency tests performed gave minimum, maximum, and 
average calcium increments of 2.58, 6.18, and 4.31 mg. per cent, 
respectively. The potency values bore no relation to the time of 
contact of hormone and reagent, and indicate that no inactivation 
occurred. 

Sodium Amalgam—360 mg. of the hormone preparation were 
dissolved in 15 cc. of H,O. To this solution 15 cc. of 5 per cent 
H,SO, were added. The solution was cooled to low temperature, 
and 10.8 gm. of 2.5 per cent Na-Hg were added. The mixture was 
frequently stirred, and was kept at a temperature of 0-5°. When 
the solution became faintly acid, or weakly alkaline to Congo red, 
0.5 n H,SO, was added. During the course of 12 hours, 46.8 gm. 
of Na-Hg and 32 cc. of 0.5 n H,SO, were added, after which the 
solution was decanted from the Hg and left overnight in the 
refrigerator. The next day the Na,SO, which had formed in the 
reaction was removed by dialysis through cellophane. The hor- 
mone solution was then concentrated under reduced pressure to 
low volume, and the amount of protein estimated from the nitro- 
gen content as determined by the Koch and McMeekin micro- 
Kjeldahl method (10). Approximately 50 per cent recovery was 
indicated. The minimum, maximum, and average increases in 
serum calcium in the five potency tests performed were 3.10, 4.97, 
and 4.20 mg. per cent, respectively. 

The remarkable stability of the hormone to the reducing agents, 
thus far studied, would seem to indicate the absence of an accessi- 
ble reducible group in the hormone molecule. The results ob- 
tained in the following experiment confirmed this view. 

Catalytic Hydrogenation under Pressure*—1 gm. of the hormone 
preparation was dissolved in 20 cc. of 94 per cent acetic acid. To 
this solution 0.3 gm. of platinum catalyst (11) was added, and the 
mixture was shaken with hydrogen under a pressure of 4 atmos- 
pheres in an Adams reduction apparatus for 6 hours. During the 

* We are indebted to Dr. Eugene Pacsu, of the Department of Chemistry 


of Princeton University, who kindly subjected our hormone preparation 
to this treatment. 
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treatment the pressure gage showed a slight drop in pressure, 
which could have indicated the consumption of 100 to 200 cc. of 
hydrogen. The following day the solution was diluted with H,O 
to 40 cc. and filtered twice from the catalyst. 3 days later 5 
volumes of anhydrous acetone were added, and the resultant pre- 
cipitate was recovered and dried. Weight 0.852 gm. 

Twelve dogs were used in the potency tests, and the minimum, 
maximum, and average increases in serum calcium were 3.40, 7.28, 
and 5.65 mg. per cent, respectively. Control tests showed that 
the potency was comparable to that obtained when the untreated 
hormone was allowed to remain in solution in 94 per cent acetic 
acid at room temperature for 7 days. 

Sulfur and Hormone Potency—Although an explanation of the 
inactivating effect of hydrogen peroxide, or of potassium per- 
manganate, cannot be advanced from the information at hand, 
the stability of the hormone to reducing reagents may be inter- 
preted as indicative of the absence of cystine, or the disulfide 
linkage, in the hormone molecule. It is interesting to note that, 
aside from a difference in physiological effects, the stability of 
parathyroid hormone to reducing reagents sharply differentiates 
it from insulin, which in the opinion of Jensen and Evans (12) is 
inactivated by either oxidizing or reducing agents by cleavage of 
the disulfide linkage in cystine. 

Collip and Clark (13) reported the presence of sulfur in their 
purified preparation, but made no comment as to the amount 
present. In a recent review of the literature on the parathyroid 
glands (14), Thomson and Collip have more definitely stated that 
a trace of sulfur is present in the parathyroid hormone prepara- 
tions produced in their laboratory by the method of Collip and 
Clark (13). 

Tweedy and Smullen (3) found that when 1 per cent solutions 
of parathormone (Lilly) and their product were heated in a boiling 
water bath with equal volumes of 40: 100 NaOH to which 10 drops 
of 2 per cent neutral lead acetate were added, the former solution 
blackened and became opaque to light within 2 minutes, while 
the latter solution, maintained at constant volume, was still 
colorless after 8 hours. 

Our preparations, which are of approximately the same potency 
as the commercial product mentioned above, also failed to give a 
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reduced sulfur test. We found, however, a sulfur content of 0.20 
per cent when samples, 0.5 gm. in weight, were analyzed for total 
sulfur by the perhydrol-nitric acid method of Stockholm and Koch 
(15). Using Sullivan’s method (16), we were unsuccessful in 
identifying the sulfur as cystine sulfur, either before or after 100 
mg. samples were heated in 25 per cent HCl on a boiling H,O bath 
for 50 hours, although cystine added in an amount equivalent to 
the sulfur present was still detectable after the latter treatment. 


SUMMARY 


1. Inactivation of parathyroid hormone by nitrous acid is 
complete only when 35 per cent of the free NH, groups have been 
displaced. The opinion that inactivation is largely due to oxida- 
tive destruction of an essential group, rather than to deamination 
alone, is supported by the finding that inactivation without dea- 
mination is produced by a low concentration of H,Os. 

2. A sulfur content of 0.20 per cent, which could not be identi- 
fied as cystine sulfur, was found in the hormone preparation 
studied. The stability of the hormone to reducing reagents, 
particularly Na-Hg, and to catalytic hydrogenation under pres- 
sure, is further evidence that cystine, or an accessible reducible 
group, is not present. It would appear that sulfur, if present in 
the hormone molecule, must be in a very stable form. 


The senior author is glad to record his indebtedness to the 
Committee on Scientific Research, American Medical Association 
(Grants 233 and 295), for financial aid in the purchase of supplies 
and technical assistance. The authors also wish to thank Swift 
and Company for their cooperation in supplying properly pre- 
pared glands. 
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Many studies have been made of the composition of intestinal 
contents of animals, especially in regard to the pH and the enzyme 
activity. The information obtained shows that the secretions of 
the gastrointestinal tract modify the reaction of the contents as 
they are being passed along. The acid gastric contents are 
neutralized more or less completely, but the reaction of the intesti- 
nal contents depends upon the acidity of the chyme, upon the rate 
of movement due to peristalsis, and upon the rate of secretion of 
the neutralizing fluids. The data of Mann and Bollman (1) 
illustrate what variations are found in the pH of the contents of the 
intact intestine. While they state that intestinal contents have 
usually a rather constant reaction between pH 7.0 and 8.0, they 
observed variations from 4.0 to 7.6 in the jejunum, from 5.4 to 8.0 
in the ileum, and from 4.4 to 7.4 in the colon. Some of these 
variations were due to the effects of food. While it is important 
to know the composition of the gastrointestinal contents in relation 
to digestion and absorption, it would seem of value to determine 
the composition of the succus entericus itself. 

The use of the isolated intestinal loop as reported by Johnston 
(2) and Ebeling (3) permits one to obtain intestinal secretions of 
various portions of the intestine from loops whose blood, lymph, 
and nerve supply are intact. Collections may be made from the 
living unanesthetized animal under conditions which give indica- 
tion of yielding normal intestinal juice uncontaminated by food 
products and by the secretions from other parts of the gastro- 
intestinal tract. 


* Harriet M. Frazier Fellow in Research Surgery. 
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EXPERIMENTAL 


The animals used in this study had been prepared months previ- 
ously and their loops were acting normally as far as glucose absorp- 
tion was concerned (4). They were studied at various times over a 
period of 3 months. Three animals with jejunal loops, two with 
ileal loops, and one with a colonic loop were available. Collections 
of loop contents were made on days when no food was given. 


Taste | 
Composition of Fluid Obtained from Jejunal Loops 
Control periods are of 2 hours each. 
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* The numbers in parentheses refer to the successive periods of collection 
in 1 day. 

t The HCO, values in all tables are actually total CO,. Free CO, must 
be deducted to obtain true HCO; values. 

t The phosphate values in this and Table II are calculated on the as- 
sumption that phosphate is trivalent. 


During the collections, which were made over periods of 2 hours, 
the animals walked around or lay quietly. In control experiments 
two and sometimes three collections were made. In other experi- 
ments a control collection was first made, then a solution was in- 
jected intravenously, and a second collection started. 

With a 50 ce. glass syringe, the juice spontaneously secreted 
during 2 hour periods was removed from the lumen of the loop by 





de Beer, Johnston, and Wilson 115 


means of the balloon catheter. The volume of juice was noted and 
it was transferred at once to a mercury tonometer, any exposure 
to the air being avoided. Solid debris, which was present in 
widely varying amounts, usually settled fairly rapidly, and the 
supernatant liquid was used for analysis. Saphenous veins were 
used for the injections of the various salt solutions and the removal 
of blood samples which were collected under oil. 

Immediately following the collection of the juice, the pH was 
determined with a glass electrode of the type described by Stadie, 


Tass II 
Composition of Fluid Obtained from Ileal and Colonic Loops 
Control periods are of 2 hours each. 
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Period numbers refer to the successive periods of collection in 1 day. 
Phosphate values in the first three juices from Dog F were 0.5, 0.7, and 0.7 
milli-equivalent per liter. 


O’Brien, and Laug (5). Total carbon dioxide, chloride, solids, 
ash, sodium, potassium, calcium, phosphate, and magnesium were 
determined by means of the methods used in the analysis of dog 
parotid saliva, as described by de Beer and Wilson (6). 

In Tables I and II will be found data showing the volumes of 
fluid and the variations in composition obtained in control experi- 
ments from jejunal, ileal, and colonic loops. There are shown 
variations in two consecutive collections obtained on the same day, 
in collections from one animal on different days, and in collections 
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from different animals with the same type of loop. In Tables 
III and IV are given other control values (labeled Juice 1) obtained 
before further experimental procedures were instituted. Tables 
III and IV also contain information to show in more detail how 
the experiments were conducted. 

The variations obtained in the control experiments may be 
briefly summarized as follows: The rates of flow (as indicated by 
the volumes of juice obtained in 2 hours) were greater in the 
jejunal and ileal loops than in the colonic loops. The slight flow of 
liquid into the colonic loops is what one would expect, since water 
is absorbed in large quantities from this portion of the intestines. 
So little fluid was obtained from colonic loops that complete 
analyses were not always possible. The compositions of the ileal 
and colonic fluids were similar. The percentage of solids was 
about the same in all fluids. The same is true for ash. 

The sodium, potassium, calcium, and undetermined cation 
concentrations were relatively constant, while bicarbonate and 
chloride showed marked reciprocal variations. The bicarbonate 
and chloride concentrations and pH were about the same in 
colonic and ileal fluids, but jejunal fluids were considerably more 
acid with lower bicarbonate and higher chloride concentrations. 
The phosphate concentration was lower in colonic than in jejunal 
fluid. In all the fluids the main inorganic cation was sodium. It 
was associated mainly with chloride and bicarbonate. The 
bicarbonate replaced the chloride in the ileal and colonic fluids 
so that, in the latter two fluids, the bicarbonate equaled and at 
times exceeded the chloride. 

When a second collection was started immediately after the first 
collection was finished, the rate of flow of juice into the jejunal 
loops was found to be diminished, as shown by Berndt and Ravdin 
(7), and the concentration of solids was increased. This reduction 
in rate of flow was less evident in the ileal loops and was not 
apparent in the colonic loop. In the jejunal loops a second 
collection yielded juice which had a lower pH and bicarbonate 
concentration and higher concentrations of phosphate, potassium, 
calcium, and magnesium. In the ileal and colonic loops the bicar- 
bonate was unchanged or increased in the second collection. The 
pH increased slightly with increase in bicarbonate in the one 
experiment with the colonic loop. 





de Beer, Johnston, and Wilson 117 


Comparisons may be made of the composition of blood serum 
with those of the intestinal secretions. As the ash content of 
intestinal juices was about the same as in blood serum, the low 
concentration of solids was without doubt due to the low concen- 
tration of protein therein. A large part of the cation in the 
intestinal juices and in blood serum is sodium; so that it was to be 
expected that the concentrations of this ion would be about the 
same in all these fluids. Actually, the sodium concentration was 
usually higher in the intestinal juices than is commonly found in 
serum, but if the concentrations calculated per kilo of water are 
compared as was done by Ball (8), it is found that the concentra- 
tions of sodium in these fluids were practically the same. We may 
therefore conclude that the osmotic pressures were practically 
identical. The concentrations of magnesium and potassium were 
also about the same in these fluids. The concentration of calcium 
was less in all the intestinal juices than in serum. The bicarbonate, 
chloride, and pH varied as has already been described. The pH 
of jejunal juice was lower than the pH of serum even though the 
bicarbonate concentration was often the same as that of serum.'! 
In the jejunal juices the concentration of chloride was always 
higher than that of serum. In the ileal and colonic juices the pH 
was considerably higher than that of serum, the bicarbonate was 
higher, and the chloride lower than in serum. The intestinal loop 
juices have an excess of acidic over basic ions, as determined by our 
analyses. The same is true for saliva (6). This is in contrast 
with serum, bile (9), and pancreatic juice (8), which contain basic 
ions in excess. 

In order to study the effect of alterations in the composition of 
blood on the intestinal secretions, NaCl or NazCO; solutions were 
injected intravenously and collections of fluid from the loops were 
made. The results of injecting 10 per cent NaCl solution into a 
dog with a jejunal loop are shown in Table III. The decrease in 
rate of secretion which occurs in jejunal loops as collection is 


1 If one calculates the CO, tension from our data, one obtains, in some 
instances, values far higher than those obtained for blood. This is un- 
expected as it is commonly assumed that all body fluids are at about the 
same CO, tension. The accuracy of the analyses, which were performed in 
duplicate soon after the collections were made, seemed to be controlled 
adequately. 
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prolonged was less than would have been expected in a control 
experiment. The solids were high. The sodium and chloride 
concentrations increased, as was to be expected from the increased 
concentrations in the serum. 


TaBe III 


Influence of Injection of NaCl Solution on Composition of Secretions of 
Jejunal Loop, Ileal Loop, and Colonic Loop 

Dog B—28 kilos; May 7, 1933. Juice 1: 9.37-11.37 a.m., 52 cc. of juice, 
not much debris. 11.37 a.m.-12 noon, 360 cc. of 10 per cent NaCl solu- 
tion injected intravenously. Juice 2: 12.40-2.40 p.m., 46 cc. of juice. 

Dog E—17 kilos; June 22, 1933. Juice 1: 10.00 a.m.—12 noon, 9 cc. of 
juice. 12.02-12.16 p.m., 250 cc. of 10 per cent NaCl solution injected in- 
travenously. Juice 2: 12 noon-2.00 p.m., 14 ce. of juice, much debris. 

Dog F—9 kilos; June 12, 1933. Juice 1: 9.45-11.45 a.m., 13 ec. of juice, 
clear. 11.45 a.m.-12 noon, 680 cc. of isotonic NaCl injected intrave- 
nously. Juice 2: 11.45 a.m.-1.45 p.m., 8 cc. of juice. 
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In Dog B the normal serum chloride was lost. Determinations on this 
dog at other times averaged 110 milli-equivalents per liter; serum Cl after 
injection, 160 milli-equivalents per liter. For Dog E the serum chloride 
values obtained were at 12 noon, 114.0; 12.20 p.m., 160.9 milli-equivalents 
per liter; for Dog F, at 11.45 a.m., 117.9; 12.02 p.m., 128.3 milli-equivalents 
per liter. 


In two experiments in which large amounts of isotonic salt 
solution were injected intravenously, there were slight increases 
in sodium and chloride concentrations in the loop fluids with an 
increase in rate of flow in one experiment only. The data for these 
experiments are not given. 

The effect of injecting 10 per cent NaCl intravenously into a 
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dog with an ileal loop is shown in Table III. With the increase 
in chloride concentration in serum the chloride concentration of the 
ileal loop fluid rose, and the bicarbonate concentration and pH 
fell. More fluid was obtained in the second period than in the 
first. The volumes of fluid secreted in both periods were 
unusually small. 

One of our most successful experiments on a dog with a colonic 
loop is shown in Table III. The secretion during the control 
period was small, the pH and bicarbonate concentration were 
high, and the concentration of chloride was the same as the bicar- 


TaBLe IV 


Influence of Injection of Na,CO, Solution on Composition of Jejunal Loop 
Secretion 


Dog A—June 20, 1933. Juice 1: 9.30-11.30 a.m., 168 cc. of juice. 11.40- 
11.55 a.m., 180 ec. of 10 per cent Na,CO, solution injected intravenously. 
Juice 2: 11.35 a.m.-1.35 p.m., 54 ee. of juice. 
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Serum bicarbonate: 11.30 a m., 32.2; 12 noon, 60.6; 1.30 p.m., 49.4 milli- 
equivalents per liter. Serum chloride: 11.30 a.m., 107.6; 12 noon, 97.2 
milli-equivalents per liter. 


bonate concentration. The injection of 680 ce. of isotonic NaCl 
solution intravenously into this dog did not prevent a decrease in 
rate of flow of the juice and caused no significant change in the 
composition. At another time the intravenous injection of 10 
per cent sodium chloride solution caused an increase in concentra- 
tion of chloride in serum and juice. The rate of flow (2 ce. in 2 
hours) was not increased. 

The effect of injecting sodium carbonate intravenously into a dog 
with a jejunal loop is shown in Table IV. In this experiment the 
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bicarbonate and pH of the juice fell, while the chloride rose. In 
another experiment on the same animal similar results were 
obtained. Two experiments on another animal resulted in 
increased bicarbonate and pH in juice after injecting carbonate. 
If we can take these experiments as being characteristic, we must 
conclude that the jejunal juice is not necessarily influenced by the 
increase in bicarbonate of the serum. 


SUMMARY 


Studies have been made on the chemical composition of succus 
entericus uncontaminated by food residues and secretions from 
other parts of the gastrointestinal tract. The intestinal juices 
have been obtained from unanesthetized dogs having isolated loops 
at various levels of the intestine. 

The rates of secretion were greater in the jejunal and ileal loops 
than in the colonic loops. The concentrations of sodium, potas- 
sium, and calcium were relatively constant in all the secretions, 
while the bicarbonate and chloride showed marked reciprocal 
variations. The bicarbonate concentration was high and chloride 
low in ileal and colonic juices which were more alkaline than 
jejunal juices. 

The relations between the compositions of the juices and blood 
serum were discussed. 

The increase in concentration of chloride in the blood resulting 
from an intravenous injection of NaCl solution caused a similar 
change in the composition of the jejunal and ileal secretions. 

The intravenous injection of NagCO; caused no characteristic 
variations in jejunal loop secretion. 
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STUDIES ON THE CREEPER FOWL 


VIII. THE EFFECT OF BONE EXTRACT ON SKELETAL GROWTH 
AND THE PHOSPHATASE CONTENT OF THE BONES 


By WALTER LANDAUER, ELIZABETH UPHAM, anp FAY RUBIN 
(From the Storrs Agricultural Experiment Station, Storrs, Connecticut) 


(Received for publication, August 27, 1934) 


Zawisch-Ossenitz (1930, 1932) has reported that young rabbits 
and cats after treatment with aqueous bone extract showed an 
increased growth in length of the bones, especially of the long 
bones. Treatment with bone extract, according to this author, 
increased absolute length of the bones as well as length in relation 
to weight and to length of the body. The bone extract was not 
species-specific, and most of the work was done with extract from 
calf bones. No definite information is available concerning the 
chemical nature of the active substance contained in the bone 
extract, except that it is assumed to be an enzyme. 

We have made experiments concerning the effect of bone extract 
on bone growth in normal and creeper chicks. In addition to an 
account of this work we wish to present here the results of phos- 
phatase determinations of bones from untreated normal and 
creeper chicks, which were made for us by Dr. Robert Robison. 

We used twenty creeper and twenty normal chicks to test the 
effect of bone extract. The same numbers of chicks were kept for 
control. All chicks came from the same matings. The test 
chicks received subcutaneous injections of bone extract from the 
2nd day after hatching until they were 8 weeks old. They were 
injected three times a week, and the amounts injected each time 
were as follows: 


5th week 
6th “ 
| FAG 
8th “ 
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The chicks were weighed at hatching time and every 2 weeks 
thereafter. At the age of 8 weeks all chicks were killed and meas- 
urements taken of the length of the body and the length of various 
long bones. Nineteen each of the normal controls, the normal and 
the creeper test chicks, and fifteen of the creeper control chicks out 
of the original twenty chicks in each group survived to the end of 
the experimental period. 

The bone extract was prepared in the Chemical Research De- 
partment of Armour and Company, Chicago. The technique of 
preparing this extract (closely similar to that reported by Zawisch- 
Ossenitz) was as follows: Sections 0.5 inch thick were sawed out 
of the front leg bones of calves; these sections included the line of 
cartilage separating epiphysis and diaphysis. The bone was then 
pounded up in a mortar, the separated periosteal bone pieces were 
picked out, and these bone fragments were soaked in 10 times 
their weight of water containing 4 per cent of sodium bicarbonate 
and 0.3 per cent of phenol for 10 days at room temperature. The 
extract was diluted with an equal amount of saturated ammonium 
sulfate solution. After 2 days of standing the fluid was decanted 
and filtered. The precipitate was dialyzed free from sulfate, the 
dialysate was suspended in physiological salt solution, clarified 
in a centrifuge, 0.2 cc. of 1 per cent phenol added, and the extract 
poured into ampules. 

The average body weights of the normal test and control chicks 
were closely similar throughout the experimental period. The 
creeper test chicks appeared to remain somewhat below their 
controls towards the end of the experiment, but in no instance does 
the difference amount to as much as the 3-fold standard error. 

The difference between corresponding measurements of normal 
control and test chicks and of creeper control and test chicks in 
every instance was less than the standard error or close to it. The 
same is true for length of the long bones relative to body length. 
Again, no significant differences exist between normal test and 
control or creeper test and control chicks in length of the various 
long bones relative to body weight. The values for control and 
test chicks also agree very closely if the combined lengths of the 
three long bones of the legs are compared. This is shown by the 
following figures which give the averages for combined length of 
femur, tibia, and tarsometatarsus of creeper test and control 
chicks. 
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Creeper control Creeper test 





Actual length, cm. . 13.52 40.30 | 13.13 +0.25 


Bone length X 100 
61.2 +0. 60.9 +0.62 
Body length .5 ~ 
¥/10 < body weight 


Bone length 








1.020+0.020 | 1.046+0.016 














Our data show definitely that an extended treatment with bone 
extract did not have any influence on growth of the body as a whole , 
nor on absolute or relative growth in length of the long bones of 
normal or creeper chicks. 

Our experiments, then, do not confirm the results obtained by 
Zawisch-Ossenitz. It is possible, of course, that this is due to the 
fact that chickens do not respond to treatment with bone extract, 
while rabbits and cats show such a response. But, it must be 
said also that the evidence presented by Zawisch-Ossenitz does not 
constitute convincing proof for the conclusion that the differences 
in bone size shown by her experimental animals actually had been 
caused by the bone extract; the number of animals used obviously 
was small, and no criteria are given from which the statistical 
significance of the differences between test and control animals can 
be judged. 

Zawisch-Ossenitz reported that her-bone extract, in addition 
to a bone growth-promoting enzyme, also contained bone phos- 
phatase, but she concluded from bone analyses that the phos- 
phatase when injected subcutaneously did not have any effect on 
bone growth. Our bone extract contained appreciable amounts of 
phosphatase when newly prepared, but, as no second test for phos- 
phatase activity was made before administering the extract, we 
cannot be certain if our negative results also are evidence for the 
ineffectiveness on bone growth of subcutaneous phosphatase 
treatment. It seems likely, however, that appreciable amounts 
of phosphatase were still present in our bone extract when it was 
administered. 

Phosphatase determinations have been made for us by Dr. 
Robert Robison of whole femora and phalangeal bones of normal 
and creeper chicks. Such determinations were made of twenty 
normal and twenty creeper chicks at the age of 3 weeks, and of the 
same numbers of chicks at the age of 2 months. 
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From each chick the femur and the most proximal phalangeal 
bone of the third toe of one leg were dried in an evacuated desic- 
cator, while the corresponding bones of the other leg were put into 
chloroform water. The bones then were sent to London for 
analysis. From the value for total phosphatase activity (A), the 
phosphatase activity per unit of weight (A/W) was calculated 
by dividing the values for total activity by the dry weights of the 
bones. The averages of A and A/W with their standard errors 
for normal and creeper chicks at the age of 3 weeks and those 
for 2 month-old chicks are shown in Table I. The determina- 
tions showed a considerable degree of variability as is indicated 
by the relatively large deviations from the averages. This may 
be attributed in part to the small number of bones in some 
of the groups, to the relatively long time intervening be- 
tween killing of the chicks and making of the analyses, and 
to difficulties encountered in making phosphatase determina- 
tions of whole bones. The results, however, seem to give a fair 
basis for comparison of normal and creeper chicks with regard to 
phosphatase activity of their bones. Drying of the bones caused 
a considerable loss of phosphatase activity in the younger lot of 
chicks; this loss was about the same in the bones of normal and 
creeper chicks. 

Total phosphatase activity of the femora of creeper chicks is 
smaller than that of normal chicks, as might be expected since 
the femur of creepers is much smaller than that of normal chicks. 
On the other hand, there is little difference between normal and 
creeper chicks in size or weight of the phalangeal bones, and 
similarly there are no significant differences in total phosphatase 
activity of the phalangeal bones of normal and creeper chicks. 
With regard to phosphatase activity per unit of bone weight 
(A/W) Table I shows that the values for creeper and normal 
chicks agree closely in most cases; in one instance only does the 
difference amount to slightly more than 3 times the standard error. 
The values for creeper and normal chicks agree equally well 
whether phosphatase activity was estimated from wet or dry 
bones. Magnesium sulfate stimulated phosphatase activity of 
creeper and normal bones to about the same extent. There was 
a similar decline of phosphatase activity with age (3 weeks to 2 
months) in creeper and normal chicks. A comparison of em- 
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bryonic bones of creeper and normal chicks also failed to reveal 
any difference in phosphatase activity. 

Kay (1929, 1932) has shown that the plasma phosphatase is 
increased in various pathological conditions of the skeleton. 
Bodansky and Jaffe (1934), however, have reported recently that 
in human chondrodystrophy the plasma phosphatase content is 
normal. Similarly, the determinations reported here indicate 
that the chondrodystrophic bones of creeper chickens (Landauer, 
1931, 1934) do not differ from normal ones with regard to their 
relative phosphatase content. 


SUMMARY 


Aqueous bone extract injected during the first 8 weeks of life 
did not have any effect on bone growth of normal or creeper chicks. 

Phosphatase activity per unit weight, as determined from femur 
and one phalangeal bone at the ages of 3 weeks and 2 months, 
appears to be the same in normal and creeper chicks. The bones 
of both kinds of chicks show the same decline of phosphatase 
activity between the ages of 3 weeks and 2 months. 


We are under great obligation to Dr. J. C. Kistler and Armour 
and Company, Chicago, for preparing for us the bone extract, and 
to Dr. Robert Robison (Lister Institute of Preventive Medicine, 
London) for making the phosphatase determinations. 
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THE DETERMINATION OF GLUCURONIC AND GALAC- 
TURONIC ACIDS BY BERTRAND’S METHOD* 


By Z. I. KERTESZ 


(From the Division of Chemistry, New York State Agricultural Experiment 
Station, Geneva) 


(Received for publication, October 1, 1934) 


In connection with some work on the decomposition of pectins 
the copper reducing values for the estimation of glucuronic and 
galacturonic acids were determined. Recently there has been 
much interest in hexuronic acids, and for the convenience of 
workers engaged in research in this field Table I for the deter- 
mination of 10 to 100 mg. of glucuronic and galacturonic acids by 
Bertrand’s method (1) is presented herewith. 

The glucuronic acid used was prepared by the method of Quick 
(2). The reducing values obtained were almost identical with 
those found in a few determinations by Goebel and Babers (3). 
The crystalline d-galacturonic acid monohydrate used was pre- 
pared by the method of Link and Nedden (4). [a] (final) = 
+54.0°; m.p. initial, 110—112°; final, 154-155°. In the determina- 
tions of the reducing power an earlier description of Bertrand’s 
method by the present author (5) has been rigidly adhered to. 


The author wishes to thank Dr. Quick and Dr. Link for sup- 
plying preparations used in this work. 


* Approved by the Director of the New York State Agricultural Experi- 
ment Station for publication as Journal Paper No. 50. 
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TaBLe | 


Table for Estimation of Glucuronic (I) and Galacturonic (11) Acids by 
Bertrand’s Method 


All values are given in mg. 
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SUMMARY 


Copper equivalents for the determination of glucuronic and 
galacturonic acids by Bertrand’s method are given. 
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SPECIFICITY AND INHIBITION CHARACTERISTICS OF 
LIVER ESTERASE AND PANCREAS LIPASE* 


By H. H. R. WEBER anp C. G. KING 
(From the Department of Chemistry, University of Pittsburgh, Pittsburgh) 


(Received for publication, October 15, 1934) 


Although liver esterase and pancreatic lipase have not been 
prepared in a crystalline condition, their characteristic properties 
strongly indicate that the former is an albumin (1, 2) and that the 
latter is a globulin (3). The striking parallelism between the 
effects of organic inhibitors upon liver esterase and upon protein 
dispersion, found in a study of two series of mono-substituted 
hydrocarbons (4), was in good agreement with the results of earlier 
workers who had shown that the effects of simple electrolytes on 
enzymes were related to the conventional lyotropic ion series 
(5-7). One can searcely escape the conclusion that these added 
substances exert their effects largely by influencing groups which 
are common to both en.ymes and simple proteins, and that the 
relationships between esterase inhibition and surface activity (8) 
are due to non-specific protein dispersion effects as well as to the 
presence of specific lipoidal or lyophobic groups comprising a 
part of the active center. Of particular interest in this direction 
is the finding by Sobotka and Glick (2) that the effect of excess 
substrate concentration is similar to a superimposed non-competi- 
tive inhibition. 

The primary purpose of the present investigation was: (a) to 
determine the inhibitory effect of substituted aromatic and fatty 
acid salts upon liver esterase and pancreas lipase as a means of 
indicating the specific and general chemical nature of the related 
enzymes, and (b) to study the activity of the two enzymes upon 
solutions and emulsions of fatty acid monoglycerides. 


* Contribution No. 293 from the Department of Chemistry, University 


of Pittsburgh. 
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Experimental Data and Discussion of Results 


Inhibition of Sheep Liver Esterase and Pancreatic Lipase—The 
preparation of esterase and the general technique of measuring 
inhibition have been previously described (4). All of the acids 
used as inhibitors were carefully purified previous to making the 
salts. The results obtained with the sodium salts of fatty acids 
are shown in Fig. 1. The salts of acetic, propionic, and butyric 
acids showed no inhibition in the concentrations used, but the 
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Fig. 1. Inhibition by sodium salts of n-fatty acids: Curve 1, caproic; 
Curve 2, caprylic; Curve 3, capric; Curve 4, lauric; Curve 5, myristic. 





salts of caproic, caprylic, capric, and lauric acids showed increasing 
inhibition as the length of the carbon chain increased. Inhibitory 
power then decreased progressively with the myristate, palmitate, 
and stearate to practically zero. Salts of lauric, myristic, palmitic, 
and stearic acids, owing to displacement of these acids by the liber- 
ated butyric acid, acted as buffers, but the liberated acids could be 
titrated at the end of the run by the addition of alcohol. A direct 
molar sequence for the entire series could not be expected to in- 
clude the colloidally dispersed sodium myristate, palmitate, and 
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stearate. In a study of the surface tension-lowering capacity of 
the sodium salts of fatty acids, Lascary (9) found a marked break 
in the series at sodium myristate. Broughton (10) determined the 
molecular association of fatty acids in cyclohexanol, finding that 
it decreased regularly until laurie acid was reached, and then 
increased. Randall, McBain, and White (11) have shown that 
salts of fatty acids of low molecular weight are essentially strong 
electrolytes, while the higher soaps tend to form micelles. 
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Fig. 2. Inhibition by sodium salts of ortho-substituted benzoic acids: 
Curve 1, iodobenzoic ; Curve 2, hydroxybenzoic; Curve 3, benzoic; Curve 4, 
nitrobenzoic; Curve 5, chlorobenzoic; Curve 6, bromobenzoic; Curve 7, 
aminobenzoic; Curve 8, methylbenzoic. 


For hexyl and octyl alcohols only 4.9 X 10~ and 0.9 X 10° 
moles were needed to produce 25 per cent inhibition, compared to 
45 X 10-* and 10 X 15~* moles respectively of the corresponding 
acids, caproic and caprylic (Fig. 1). The increased polarity of the 
carboxyl group compared to an alcohol group would tend to keep 
the entire molecule hydrated and dispersed in the aqueous phase, 
preventing its union with the active center of the colloidal catalyst. 
The alcohols also have a greater tendency to lower surface tension 
than do the salts of the corresponding fatty acids. 

The inhibition by ortho-substituted benzoic acids is shown in 
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Fig. 2. Compounds of this type were studied to observe whether 
the lyotropic ion series for inhibition applied to aromatic acids as 
well as to mono-substituted hydrocarbons (8). In the latter case 
it was found that the order of inhibition was I > Br > OH > 
Cl > NO, > CH; > NH:, corresponding to the lyotropic ion 
series which affects protein dispersion in aqueous solution. The 
order found for the ortho-substituted benzoic acids was not in 
complete agreement with the two former series, apparently due to 
the influence of the polar carboxyl group in the ortho position, 
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Fria. 3. Inhibition by unsaturated acids: Curve 1, cinnamic; Curve 2, 
phenylpropiolic ; Curve 3, hydrocinnamic ; Curve 4, tiglic ; Curve 5, crotonic. 





but it will be noted that the iodo compound again exerted the 
greatest effect, with the OH next, and Br, NO:, and Cl almost 
alike. 

Previous investigations have indicated an enhanced inhibitory 
power due to unsaturation, but relatively few compounds have 
been studied to provide comparative data. The inhibitions pro- 
duced by two aliphatic and three aromatic acids are shown in 
Fig. 3. Crotonic acid produced only slight inhibition in the 
concentration range where butyric acid showed none, and tiglic 
acid exerted a marked effect. Comparison of cinnamic, hydro- 
cinnamic, and phenylpropiolic acids shows that the replacement 
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of a saturated side chain by an unsaturated group again resulted 
in increased inhibition. 

The four compounds containing an ether linkage, which were 
studied for their inhibitory effects, were: the monomethy! and 
butyl ethers of ethylene glycol, diethylene glycol, and the mono- 
ethyl ether of diethylene glycol.!' Only at high concentrations was 
any effect observed upon pancreas lipase, and the effect upon liver 
esterase was relatively low (Fig. 4) with all except the butyl ether. 
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Fig. 4. Inhibition by ether type compounds: Curve 1, ethylene glycol 
monobutyl ether; Curve 2, ethylene glycol monomethyl ether; Curve 3, 
diethylene glycol; Curve 4, diethylene glycol monoethy] ether. 


The addition of a longer aliphatic group, as in the butyl ether, 
resulted in increased inhibitory power in accordance with the 
decreased solubility in water, and the increased affinity for the 
lyophobie portion of the enzyme. The low affinity of the esterase 
for the glycol type of compounds was further shown by the low 


! The authors wish to express their thanks to Dr. E. W. Reid of the 
Mellon Institute of Industrial Research, through whose courtesy the 
purified ether type compounds were supplied. 
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affinity for the ethyl ether of ethylene glycol monoacetate as 
substrate (the dissociation constant Km = 0.11, compared to 
0.002 for methyl butyrate). 

The statement that soaps activate lipase has been generally 
accepted, although the only soaps apparently investigated have 
been calcium and sodium oleates in buffered solutions with rela- 
tively large amounts of enzyme. In the present investigation a 
saturated tributyrin solution was used as substrate with 0.1 ec. of 
purified enzyme solution. Under these conditions, up to 50 mg. 
of sodium oleate, palmitate, laurate, caprate, or caproate were 
found to exert very little effect upon the enzyme activity. Will- 
stiitter and Memmen (12), however, found that as little as 1 mg. of 
sodium oleate produced activation under the conditions of their 
investigations, using triacetin as substrate. They recommended 
10 mg. for activation in the hydrolysis of olive oil. 

Monoglycerides As Substrates for Liver Esterase and Pancreas 
Lipase—Simple esters of aliphatic monoatomic alcohols are hy- 
drolyzed by liver esterase more rapidly than esters of polyatomic 
alcohols such as monoacetin and monobutyrin. As the molecular 
weight increases for the monoglycerides, their availability as 
esterase substrates decreases above monocaproin, both for aqueous 
solutions and emulsions. In aqueous solutions containing equiva- 
lent molar quantities of monoglycerides (3 X 10~* moles in 50 ce.), 
hydrolysis occurred up to and including monocaprin. The rates 
of hydrolysis, expressed in cc. of 0.01 N alkali required for titration 
during 4 hours at 30°, were 0.11, 0.35, 0.65, 0.45, 0.42, for mono- 
acetin, monobutyrin, monocaproin, monocaprylin, and monocaprin 
respectively. 

When the monoglycerides were emulsified with sodium cholate, 
it was found that monocaproin was again hydrolyzed more rapidly 
than esters above or below it in the series. No hydrolysis of mono- 
laurin occurred either in solution or emulsion, as noted in Table I. 

With Gardinol as a markedly different type of emulsifying agent, 
hydrolysis of the monoglycerides occurred in the same order as 
before, and at nearly the same rate, as shown in Table I. 

The relative insolubility of the monoglycerides above mono- 
caprin may prevent access to the active centers of the liver esterase, 
in contrast to the enhanced availability for pancreas lipase in emul- 
sions, but it is likely, from the studies in simple solution, that the 
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difference between the two enzymes is due in part to a specific 
difference in the structure of the active centers, with the lipase 
being more lyophobic or lipoidal. The effect of the enzyme itself 
upon the solubility of the substrate may also be an important 
factor, as pointed out by Sobotka and Glick (2). 

No work has been reported previously on the relative rates of 
hydrolysis of the symmetrical (6-) and unsymmetrical (a-) mono- 
glycerides. The series of 8-monoglycerides recently synthesized 
in this laboratory? (13) provided the first opportunity for making 


TaBie I 


Action of Liver Esterase on Emulsions of a-Monoglycerides, with Sodium 
_Cholate or Gardinol as Emulsifier 


Ce. 0.01 » NaOH required in 1 br. 








eos Sodium cholate as emulsifier* Gardino! as emulsifier 
50 cc. 





Mono- Mono- | Mono- | Mono- | Mono- | Mono- | Mono- | Mono- 
acetin | butyrin | caproin |caprylin| caprin | caproin |caprylin| caprin 
4X 10-*| 0.009 | 0.18 | 0.66 | 0.27 | 0.02 | 0.70 | 0.35 | 0.08 
8 X 10-*| 0.010 | 0.24 | 1.00 | 0.37 | 0.02 | 0.86 | 0.42 | 0.08 
12 X 10-*; 0.013 | 0.25 | 1.22 | 0.60 | 0.04 | 1.26 | 0.56 | 0.10 




















* No hydrolysis of monolaurin occurred. 


Taste IT 
Relatire Hydrolysis of Isomeric Monoglycerides by Pancreas Lipase 





Form | Monolaurin Monomyristin Monopalmitin Monostearin 





B 2.5 0.28 





a 8.3 7.3 2.5 0.27 
8.1 7.4 





such a study. The less soluble members of the series were not 
acted upon by liver esterase, but served as suitable substrates for 
pancreatic lipase. The results are given in Table II, expressed in 
moles per cent hydrolyzed per hour, per lipase unit. 

It is evident that the two types were hydrolyzed at practically 
the same rate, indicating that either type could be synthesized or 
hydrolyzed at an equal rate physiologically. 


* The authors are greatly indebted to Dr. B. F. Stimmel for kindly 
supplying the 8-monoglycerides for comparative study. 
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A comparison of the relative rates of lipase hydrolysis of mono- 
myristin and trimyristin showed that the monomyristin was 
hydrolyzed more rapidly. The value found, expressed as moles 
per cent of trimyristin hydrolyzed in 1 hour, was 1.33 compared 
to 2.55 for monomyristin. Considerable difficulty was experienced 
in obtaining the triglyceride in a finely dispersed form, however, 
and this may account for the slower rate of hydrolysis of the 
triglyceride, in contrast to the finding of Sobotka and Glick (2) 
with the more soluble tributyrin. 


SUMMARY 


With increasing chain length, the inhibitory power of the salts 
of the normal fatty acids for liver esterase increased up to sodium 
laurate and then decreased to practically zero for the palmitate 
and stearate. The decrease in inhibitory power coincided with 
the formation of micelles or colloidal aggregates and decreasing 
power to lower surface tension. The inhibitory effect of the soaps 
was much less than that of the corresponding alcohols. 

The inhibition by sodium salts of ortho-substituted benzoic 
acids indicated a partial divergence from the usual lyotropic ion 
series, apparently due to the dominant influence of the more 
polar carboxyl group. 

The inhibitory effect of salts of unsaturated fatty acids, and of 
aromatic acids with an unsaturated side chain, was much greater 
than that of the corresponding saturated acids. 

The monoethy] ethers of ethylene glycol and of diethylene glycol 
were found to be poor inhibitors for esterase and lipase, but the 
monobutyl ether of ethylene glycol was fairly active against 
esterase. 

The effect of salts of the saturated fatty acids and of glycol ether 
type compounds on pancreas lipase was very small. 

Liver esterase was found to hydrolyze the a-monoglycerides 
up to monocaprin in aqueous solutions and in emulsions slowly. 
Maximum velocity of hydrolysis occurred with monocaproin, both 
in solution and in emulsions with sodium cholate or Gardinol. 

The a- and 8-monoglycerides of lauric, myristic, palmitic, and 
stearic acids were hydrolyzed with equal facility by pancreas 


lipase. 
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THE ABSORPTION OF SOLUBLE, VOLATILE FATTY 
ACIDS* 


By R. H. HUGHES anp E. J. WIMMER 


(From the Department of Zoology, Kansas State College of Agriculture and 
Applied Science, Manhattan) 


(Received for publication, July 7, 1934) 


Experimental investigations show clearly that the absorption 
and metabolism of the short chain, water-soluble fatty acids differ 
in some way from those of the long chain fatty acids insoluble in 
water. Experiments by Lebedeff (1883), Leube (1895), Zuntz 
(1901), and Eckstein (1929) show no evidence of the butyryl 
radical in the deposited fat when fed either as a fat or in the form 
of tributyrin. Davis (1930) found the butyryl radical present in 
the body fat if tributyrin was injected subcutaneously. Powell 
(1932) showed that fatty acids containing 8 carbon atoms are not 
deposited in the animal when fed as glycerides, while fatty acids 
of 10 or more carbon atoms fed under the same conditions are 
deposited. None, so far, has suggested any satisfactory ex- 
planation for this difference in absorption. One possible ex- 
planation may be the difference in the mode of absorption of 
lipids and non-lipids, the non-lipids being water-soluble are ab- 
sorbed by the intestinal capillaries and carried by the portal 
blood, while the lipids are absorbed by the lacteals and enter the 
blood by way of the thoracic duct. This is true of the water- 
soluble acetic acid which is known to be absorbed by the blood 
Since butyric, caproic, and caprylic acids are all relatively soluble 
in water, it is quite possible that they might follow the path of 
absorption of non-lipids and might thus escape the glyceride 
synthesis. If this be true, these water-soluble fatty acids should 
not be found as glycerides in the lymph. It was to test the 
validity of this assumption that the following investigation was 
undertaken. 


* Contribution No. 163, Department of Zoology. 
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Dogs were used as experimental animals. A preliminary diet 
of scraps of lean meat was fed to the animals. Three types of fat 
were fed as experimental diets: butter fat, Crisco, and Crisco 
plus 7 per cent tributyrin. Crisco, since it contains no volatile 
fatty acids, was used as the control diet. Nembutal was used as 
the anesthetic. After anesthesia was complete the thoracic duct 
was exposed and the lymph was collected for periods varying from 
5 to 19 hours. 


Tass I 
Reichert-Meissel Numbers of Lymph of Thoracic Duct of Experimental 
Animals 





Sam Amount of | Reichert- 
ead fat collected |Meissel No.| AV¥erase 





gm. 
Crisco, lean meat 1.1792 3.45 
ys = - 0.5534 9.0 
° a ” 1.6670 7.0 


“ a“ “ 2.0 
14.0 23 





40% cream, butter, lean meat 0.35 
20% “ “ “ “ 5. 1966 
Corn bread, cream 0.9316 4.65 
- - - 1.1784 3.2 
20% cream, corn bread 2.5859 3.8 3.48 











10 Crisco, tributyrin, lean meat 4.4664 1.6 1.6 











Reichert-Meissel No. of Crisco, 0.4; of butter, 25.0; of Crisco and 7 ner 
cent tributyrin, 34.0. 
* Samples 5 and 6 were combined. 


After collection the lymph was dried and kept in a desiccator 
until the extraction was made. The extraction of the dried lymph 
was accomplished with anhydrous ether in either a Soxhlet or a 
Bailey-Walker extractor. It was decided to use the Reichert- 
Meissel number as the criterion for the presence or absence of 
water-soluble fatty acids in the lymph of the thoracic duct. When 
as many as 4 to 5 gm. of fat were obtained from the dried lymph, 
the Reichert-Meissel number was determined by the official 
method of the Association of Official Agricultural Chemists (1930). 
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If fewer than 4 gm. of fat were extracted, the analysis was made 
according to a modification of the official method reported by 
Millig (1930). The results of the determinations are shown in 
Table I. It will be seen that the average of the Reichert-Meissel 
numbers of lymph fat from dogs whose experimental ration con- 
tained butter fat was 3.48, a Reichert-Meissel number com- 
parable to that of the control diet of Crisco and lean meat, viz. 
4.75. If the short chain acids of butter fat were carried as such 
by the thoracic lymph duct, the Reichert-Meissel number would 
be close to 25 to 30, the number for butter. Similarly the Reichert- 
Meissel number of the lymph fat from dogs fed tributyrin added 
to Crisco and lean meat was 1.6 instead of 34, the number deter- 
mined for a mixture of Crisco and 7 per cent tributyrin. The 
Reichert-Meissel number of the lymph fat of dogs fed a diet con- 
taining tributyrin shows, therefore, that the short chain fatty 
acid is not present in the lymph of the thoracic duct in the form of 
glycerides. 

When the solubility of the short chain fatty acids is considered, 
it is apparent that the short chain fatty acids are relatively soluble 
in water. Those with the shorter carbon chain, as acetic and 
butyric acid, are infinitely soluble. As the number of carbon 
atoms increases the solubility decreases; and the lipid character 
of the carbon chain dominates to a greater and greater degree 
over the non-lipid character of the carboxyl group. Thus, caprylic 
acid has a low degree of solubility (70 mg. per 100 cc. of water), 
while capric acid is practically insoluble (3 mg. per 100 cc.). It 
is interesting to recall that Powell (1932) reported caprylic acid 
deposited in small amounts in the adipose tissue, and that the 
shortest chain fatty acid to be deposited unchanged was capric 
acid. This fact is easily explained in the light of the hypothesis 
advanced by this paper. 

It is probable, therefore, that the oat chain fatty acids of fats 
upon hydrolysis, being water-soluble and in this respect similar 
to amino acids and monosaccharides, follow the path of absorp- 
tion of these, are absorbed by the blood, and thus escape the 
glyceride synthesis. Further investigation should demonstrate 
the presence of the short chain fatty acids fed in the diet in some 
form in the portal blood. 
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SUMMARY 


The results of this experiment indicate that there is no increase 
in the amount of soluble, volatile fatty acids present in the thoracic 
lymph as glycerides during the process of digestion of fats which 
contain a soluble, volatile fatty acid such as butyric acid. 


The authors wish to acknowledge their appreciation to Dr. 
J. 8. Hughes of the Department of Chemistry for valuable sug- 
gestions and aid in conducting these experiments. 
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THE LIPIDS OF THE SKIN IN EXPERIMENTAL 
DIABETES* 


By VIDA J. MATTHEWS, JOSEPH K. NEWTON, anv W. R. BLOOR 


(From the Department of Biochemistry and Pharmacology, The University of 
Rochester School of Medicine and Dentistry, Rochester, New York) 


(Received for publication, October 16, 1934) 


Because of a lessened ability to burn carbohydrate, the diabetic 
must metabolize a correspondingly greater amount of fat. The 
resulting increased flow of fat through the organism has been 
found to increase the lipid content of the blood and it seemed likely 
that it might also change the amount or nature of the lipids in the 
tissues. Of the tissues, the skin has attracted especial attention 
in diabetes because of its susceptibility to infection—abscesses, 
furuncles, and also gangrene—and because studies of the carbohy- 
drate of the skin in various conditions, including diabetes, by 
various workers, have shown notable variations. Thus the total 
and true sugar values of the skin have been shown by Trimble and 
Carey (1) to vary directly with the level of the blood sugar, both 
in normal and pathologie conditions, and after administration of 
glucose orally or parenterally. Folin, Trimble, and Newman (2) 
injected glucose into nephrectomized dogs and investigated the 
distribution of sugar 3 minutes later, finding that under these con- 
ditions there was almost as great concentration of sugar in the skin 
as in the blood. Trimble and Carey (1), in 1931, investigated the 
sugar content of muscle and skin of diabetic and non-diabetic 
persons, using specimens obtained from the operating room. 
They found in the non-diabetic that the skin contained 56 mg. per 
cent and the muscle 28 mg. per cent of glucose, while in diabetics 
with a blood sugar level of 226 mg. per cent the skin averaged 144 
mg. per cent and the muscle 51 mg. per cent. The true (ferment- 
able) sugar of skin was 65 to 75 per cent of that of the blood sugar, 


* This work was made possible by a grant from the William H. Robinson 
Fund for the Study of Diabetes. 
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both in normals and in diabetics, while the true sugar of muscle 
was found to be about one-fourth that of the blood sugar. 

These findings were interpreted to mean that the skin acted 
merely as a temporary receptacle for the extra sugar in the blood, 
which was returned to the circulation when the blood sugar 
dropped, and that the skin took no further part in carbohydrate 
metabolism. It was a matter of interest to find out the behavior 
of the fatty substances in the skin under similar conditions. A 
study was accordingly made of the lipids of the skin in normal and 
experimentally diabetic animals. Since other tissues and organs 
might also show differences, the study included muscle, liver, and 
blood plasma. In the present paper are given results of the 
study on normal and depancreatized cats. 


EXPERIMENTAL 


Male cats were selected, weighing approximately 7 pounds. 
They were maintained on a standard diet of ground lean beef, with 
occasional addition of salmon, for at least 2 weeks before being 
sacrificed as controls or subjected to operation. Operations were 
performed 16 hours after the last feeding, with ether anesthesia 
and sterile technique. At least nine-tenths of the visible pancre- 
atic tissue was removed in each case, with great care to leave intact 
the vascular supply of the duodenum. Wounds healed well 
without the use of insulin in 70 per cent of the cases, the cats 
began to show marked glycosuria on the day following operation, 
and soon the animals became typically diabetic, ravenously 
hungry, losing weight, and gradually growing weaker, until they 
reached such a state that it was thought they would not survive the 
next 24 hours. At this stage they were sacrificed, after 16 hours 
fasting, by stunning and bleeding from the great vessels of the 
neck. 

Blood obtained at this time was used for lipid and sugar determi- 
nations. Urine found in the bladder was used for estimation of 
urine sugar. Glucose determinations on the urine and blood were 
made by the method of Hawkins and Van Slyke (3). For the 
lipid studies on muscle the gastrocnemius and soleus were chosen 
as a group readily obtained. For skin, a circular piece of shaved 
skin about 10 em. wide was taken from the mid-trunk. The whole 
liver freed from gallbladder was used. The specimens were 
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immediately ground individually in a meat mill and aliquot parts 
taken for analysis and for determination of dry weight. 

Extraction of the lipids was carried out as described by Bloor 
(4) in 1926. The methods used for the lipid analyses were Bloor’s 
standard microprocedures for lipids (5) ; cholesterol was determined 
colorimetrically, phospholipid and fatty acids by oxidation. The 
results of the analyses are given in Table I. 


DISCUSSION 


The depancreatized cats, maintained mostly without insulin for 
periods varying from 3 to 22 weeks, all lost weight steadily after the 
operation. At the time of autopsy they averaged 40 per cent less 
than before operation. This loss was probably not due to dehydra- 
tion to any great degree, since the dry weight of the internal organs, 
as represented by the liver, and of the muscle mass, as indicated 
by the muscle group on which the analyses were made, remained 
very nearly the same in the diabetics as in the controls. The water 
content of the skin was greater in the diabetic animals than in the 
controls, there being a decrease of dry matter of about 20 per cent, 
which was probably due to the mobilization of fat from the skin. 

As regards lipids, the most marked differences were found in the 
skin; phospholipids were consistently greater in the skin of the 
diabetic animals, averaging 8 per cent more; cholesterol was more 
than doubled; whereas neutral fat of the skin declined to 20 per 
cent of the values found in the control animals. The lipid increases 
were much greater than could be accounted for by the decreased 
dry matter. 

The liver showed no change in percentage of phospholipid but 
showed a considerable loss of cholesterol. The phospholipid to 
neutral fat ratio decreased from 6.25: 10.25 or 59.4 per cent in the 
controls, to 5.5:17.1 or 32.1 per cent in the diabetics. This change 
was due to an increase of fat content, obvious grossly at autopsy 
and verified by chemical analysis and by microscopic sections 
stained for neutral fat. Neutral fat of the livers (diabetic) in- 
creased in 50 per cent of our animals from 4 to 5 times that of the 
controls. At the same time the fat of the skin declined to 20 per 
cent and that of the muscles to 60 per cent of that of the controls. 
This probably represents merely the well recognized mobilization 
of storage fat from the skin and muscle to the liver due to the 
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undernutrition. Cholesterol diminished markedly in the liver 
and increased greatly in the skin, indicating a possible transfer 
from the liver to the skin. 

In muscle, aside from the loss of neutral fat, no changes of sig- 
nificance were found in the lipids. 

Blood plasma lipids remained within normal limits although the 
phospholipid and cholesterol content averaged higher in the 
diabetic animals. 

Aside from the changes in neutral fat, which are easily explain- 
able on the basis of fat mobilization as the result of undernutrition, 
the outstanding differences in the lipids between the normal and 
the experimentally diabetic animals were the increased phospho- 
lipid and cholesterol of the skin and the decreased cholesterol of 
the liver. 

Two explanations of these results may be offered and it is not 
possible at present to choose between them. It has been found 
in other tissues (6) that increase in their characteristic activity is 
associated with increased phospholipid and, to a lesser extent, 
cholesterol content. The increased activity is related to the 
increased phospholipid, the cholesterol, in accordance with the 
prevailing belief, acting antagonistically and therefore as a regu- 
lator of the activity. On this basis the increased phospholipid 
content of the skin would be interpreted to mean increased meta- 
bolic activity. However, the increase in cholesterol exceeds that 
of phospholipid, which means that any increased activity due to 
the high phospholipid might be balanced or perhaps prevented 
by the increase of cholesterol. 

It has been found that increased movement of fat through the 
blood, as in fat absorption, results in increased phospholipid and 
sometimes cholesterol content. In these experimentally diabetic 
animals there is a considerable movement of fat from the skin as 
the result of inanition, and the high phospholipid and cholesterol 
may be necessary for the movement, although the high cholesterol 
is again out of line with the rest of the picture. 

The apparent shift of cholesterol from the liver to the skin is at 
present without explanation. 


SUMMARY 


The essential changes in the tissue lipids as the result of experi- 
mental diabetes in cats were: (1) a mobilization of neutral fat 
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from the skin and muscles to the liver, (2) increased phospholipid 
and cholesterol content of the skin, (3) decreased cholesterol con- 
tent of the liver. 

The mobilization of fat from the tissues to the liver is the recog- 
nized result of the undernutrition produced by the waste of carbo- 
hydrate. The increased phospholipid content of the skin, accord- 
ing to results noted in other conditions, may be due either to 
increased metabolic activity of this organ or to the extensive 
movement of neutral fat away from the skin. 
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THE DETERMINATION OF SODIUM IN HUMAN RED 
BLOOD CELLS* 


By FRED W. OBERST 


(From the Department of Obstetrics and Gynecology, College of Medicine, 
State University of Iowa, Iowa City) 


(Received for publication, October 15, 1934) 


Considerable variations have been reported for the sodium 
content of the red blood cells, depending upon the method of 
analysis. The earliest determination of sodium in human red 
cells was recorded by Wanach (1), in 1888, using the method of 
Bunge (2), and obtaining average values of 81.5 mg. per 100 gm. 
of unwashed cells. Later Kramer and Tisdall (3) estimated 
the sodium content of the cells from determined values on whole 
blood and serum. Knowing the plasma volume, they calculated 
the sodium content in the plasma of 100 cc. of blood. The 
difference between this figure and the determined sodium of the 
whole blood represented the amount present in the cells. Their 
calculated average value (seven determinations) was —32 mg. 
per 100 cc. of corpuscles; three of the seven blood samples ex- 
amined, however, gave positive values. They concluded that 
no sodium is present in the corpuscles of normal human adults. 

Dill, Talbott, and Edwards (4) presented a few sodium deter- 
minations obtained by direct analyses of unwashed cells which 
were freed from plasma only by thorough centrifugation, with 
values ranging between 12.5 and 17.4 milli-equivalents per liter 
of cells (28.8 to 40.0 mg. per 100 cc. of cells). 

In a study of the acid-base balance of plasma and cells (5) 
inconsistent values for sodium in the cells were obtained by 
estimations made from whole blood and serum data as developed 
by Kramer and Tisdall (3).. When analyses were made on un- 
washed cells, more uniform values of the same order as those 


* Presented before the Division of Biological Chemistry at the meeting 
of the American Chemical Society at Cleveland, September, 1934. 
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reported by Dill, Talbott, and Edwards (4) were obtained. Since 
serum contains an average of 330 mg. per cent of sodium or 
about 20 times more than is present in the cells, and since it is 
impossible by centrifugation to remove the last trace of serum 
surrounding the cells, it appeared that the values obtained from 
the direct analysis were too high. 

Salit (6) suggested washing the cells with isotonic potassium 
chloride solution. Theoretically, washing cells with an isotonic 
solution would remove the last traces of plasma but would not 
alter the sodium content of the cells, provided their permeability 
were not changed. 

Kerr (7) has shown, however, that the membrane of the red 
cell becomes permeable to bases when the cells are suspended in 
an isotonic solution of sodium or potassium chloride, but that the 
presence of serum reduces this permeability. An ideal wash 
solution should then contain protein in amounts found in serum, 
be sodium-free, and be isotonic to the cells. The preparation 
and use of such a solution will be described. 


Procedure 


Venous blood was drawn into a 50 cc. centrifuge tube con- 
taining enough heparin to prevent coagulation' and centrifuged 
for 30 minutes at about 3000 R.P.m. in a large centrifuge. The 
plasma, with at least 0.5 em. of cells, was removed by suction. 
The remaining cells were thoroughly mixed. One portion was 
analyzed without further washing, a second portion was trans- 
ferred to a 15 ce. centrifuge tube and washed with dialyzed serum? 
containing KCl and KHCO; equilibrated with CO,, while a third 
portion was washed with isotonic KCl. The wash fluid, which 


! The 50 ec. tubes containing heparin were prepared by introducing 0.1 
ec. of a solution (75.0 mg. of heparin in 5.0 cc. of distilled water) for each 5 
ec. of blood and evaporating off the water in an electric oven or otherwise. 

* Mixed sera from various adults were dialyzed against tap water and 
then against distilled water until practically all of the salts were removed. 
After the addition of 110 milli-equivalents of KCl and 40 milli-equivalents 
of KHCO,, the solution was equilibrated with approximately 40 mm. of 
CO,, according to the suggestion of Dill (8). Analysis of this material for 
sodium indicated that not more than 20 mg. per cent was present. The 
protein concentration was about 3 per cent, the original serum having be- 
come diluted during dialysis. 
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approximated the volume of cells, was thoroughly and rapidly 
mixed with the cells by a stirring rod and the suspension imme- 
diately centrifuged for 30 minutes at high speed. The wash 
fluid was removed by suction as in the original removal of the 
plasma. The remaining cells were thoroughly mixed and samples 
were taken for analysis. Duplicate determinations were made 
when there was sufficient material. 

Proteins were removed from the cells by (1) trichloroacetic 
acid precipitation and (2) ashing at a low temperature. Ac- 
cording to Van Slyke et al. (9) the coagulum obtained by tri- 
chloroacetic acid precipitation contains less base than the filtrate. 
Since the coagulum obtained from the precipitation of protein 
from cells is greater than from serum, it is to be expected that the 
sodium values obtained by the trichloroacetic acid preparation 
will be too high. Ashing eliminates this possible source of error 
and should give lower and more accurate values. Our experi- 
ence would indicate that this is true. 

For removing the proteins with trichloroacetic acid, 2 to 3 
ce. of cells were transferred to a 15 cc. tared, graduated centri- 
fuge tube with a pipette and weighed immediately. Water was 
added to the 6 cc. mark and the volume read carefully in 0.1 cc. 
before mixing with a stirring rod. After hemolysis of the cells, 
exactly 4 cc. of 20 per cent trichloroacetic acid were added slowly 
with rapid stirring. The total volume was determined by addi- 
tion. After centrifuging, the clear filtrate was analyzed. 

For ashing, approximately the same volume of cells was placed 
in a tared, glazed silica crucible and weighed immediately. The 
material was dried for several hours in an oven and placed over- 
night in an electric muffle furnace at a temperature just sufficient 
to produce ashing. After cooling, the residue was taken up in 
distilled water and transferred to a 15 cc. graduated centrifuge 
tube, the volume being brought to 10 cc. The contents were 
centrifuged to remove the insoluble iron oxide. 

Phosphates interfere with the color reaction and were removed 
with powdered calcium hydroxide. Approximately 3 cc. of the 
acid filtrate or of the solution of the ash residue were added to 
0.2 gm. of sodium-free, powdered calcium hydroxide in a 
centrifuge tube. After thorough mixing, the suspension was 
allowed to stand for 15 minutes and then centrifuged. The 
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clear filtrate was shown to be phosphate-free by the ammonium 
molybdate test. 

The determinations were made by the method of Salit (10) 
with minor modifications dictated by the smaller amount of 
sodium present in the blood cells. (The standard was made to 
contain 4.125 mg. of Na per 100 ce., and the dissolved sodium- 
zinc-uranyl acetate from the standard and the unknowns was 
diluted to 25 cc.’ 20 ce. portions of each solution were placed 
in large test-tubes for the color development.) The standard 
was usually set at 20 mm. 


Calculation—(St/R) X (4.125/weight of cells X (total volume of cells, 
water, and trichloroacetic acid, or total volume of solution of ashed cells) 
= mg. of Na per 100 gm. cells. 


TaBLe I 
Cell Sodium by Indirect Method 





Cell sodium 
. Serum Whole blood 
Cell volume : 3 by 
sodium sodium calculation 





mg. per cent mg. per cent 
306 27.8 
312 201 34.5 
338 249 106.5 
319 229 82.0 
317 206 25.0 
315 14.3 
336 18.6 
340 205 25.6 
353 —18.4 
328 206 —16.0 

















SCO MON OOF WOH eK 


— 





DISCUSSION 


Table I shows what variable results may be obtained when the 
sodium content of cells is estimated from analyses of whole blood 
and serum with the cell volume known. A slight error in the 


* When the phosphates are not removed with caleium hydroxide, a 
flocculent precipitate usually appears and must be removed by filtration 
before the color can be developed. The precipitate gives positive tests for 
zinc, uranium, and phosphates. 
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determination of sodium in either sample, together with the 
probable error in the cell volume, explains the observed variations 
for the sodium content of cells. If the sodium concentrations in 


Taste II 
Comparison of Sodium Content of Trichloroacetic Acid Filtrate and of Solu- 
tion of Ashed Cells after Removal of Phosphates by Calcium Hydroxide 
The results are measured in mg. of Na per 100 gm. of cells. 





Trichloroacetic acid filtrate Solution of ashed cells 
Sample No. 





Without Ca(OH):| With Ca(OH): | Without Ca(OH):| With Ca(OH): 


20.9 20.2 15.2 14.4 
25.0 24.8 23.4 22.7 
16.7 22.2 14.5 14.1 
17.8 19.0 15.1 13.7 
31.9 27.8 20.7 18.4 
13.8 13.1 
13.2 12.8 




















Taste III 
Changes Observed in Sodium Content of Ashed Cells When Phosphates Were 
First Removed by Means of Calcium Hydroxide (Pregnant Women) 
The results are measured in mg. per 100 gm. of cells. 


Without With Without 








15.2 14.4 11 17.0 17.8 
14.5 14.1 12 18.1 19.8 
17.2 15.9 13 18.2 17.8 
20.1 16.6 14 18.7 17.8 
19.9 15.3 15 16.5 14.5 
21.7 17.6 16 18.9 15.4 
20.7 20.3 17 17.9 15.5 
18.3 16.6 18 ; 18.3 17.8 
17.7 14.1 19.2 17.5 

, 19.4 17.4 


Ceo mnour WN 


— 














18.3 16.6 











the two media were nearly equal, the effect of the experimental 
errors would be less disturbing. 
Table II presents in a comparative manner the values obtained 
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from trichloroacetic acid filtrates and from solutions of ashed 
cells, with and without treatment with calcium hydroxide to re- 
move phosphates. Other results with solutions of ashed cells are 
shown in Table III. In general, the trichloroacetic acid filtrates 
give higher sodium values than do solutions of ashed cells. Treat- 
ment with calcium hydroxide tends to give lower readings, with 


TaBLe IV 


Comparison of Sodium Content of Cells after Washing Them with Various 
Wash Preparations before Ashing 


The results are measured in mg. per 100 gm. of cells. 





wih Coots Unwashed | Washed in prepared serum Washed in isotonic KC! 
(b) Treated with cells 
Ca(OH:) Once Twice Once Twice 
21.6 19.8 
12.2 10.0 
14.6 12.5 
18.1 16.6 
22.0 19.6 
18.2 ; 16.5 
17.8 . 14.5 
18.7 , 18.9 
17.8 ; 15.4 
15.1 
13.7 
22.2 21.0 
18.7 16.0 
18.1 18.3 19.9 16.8 
13.0 14.1 13.8 10.5 
18.3 16.5 19.2 19.2 
17.8 14.6 17.5 18.3 
17.9 16.0 19.4 19.5 
15.5 13.9 17.4 16.8 


Average... . . 17.4 15.6 16.9 16.8 
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the trichloroacetic acid filtrate values being more irregular. The 
ashing process converts all organic phosphates into inorganic 
phosphates, but this conversion is at most incomplete in the acid 
precipitation. 

Since the determined values of sodium are higher in the tri- 
chloroacetic acid filtrates than in solutions of ashed cells, it seems 
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probable that the filtrate from such an acid precipitate contains 
more electrolytes than an equal volume of its coagulum. The 
precipitate, being made up of solid particles, occupies a definite 
volume which actually diminishes the volume of the filtrate and 
increases the concentration of the electrolytes. The coagulum 
obtained after the trichloroacetic acid precipitation of the blood 
cells is especially bulky and markedly reduces the amount of the 
filtrate. With equal volumes of cells and equal dilutions at the 
start, a given volume of acid filtrate is more concentrated than the 
same volume of solution of ashed cells. 

The results after washing the cells with prepared sodium-free 
serum or isotonic KC] are given in Table IV. The sodium values 
for unwashed cells were much higher than for those washed once 
with either solution. The cells washed with dialyzed sodium-free 
serum made isotonic with potassium salts were usually a little 
higher in sodium than those washed with isotonic KCl. In all 
cases the cells were washed as rapidly as possible and centrifuged 
immediately. In most instances, the second washing led to a 
further slight reduction in the determined sodium. 


SUMMARY 


1. The sodium content of human red blood cells has been de- 
termined by a direct method with the sodium-zinc-uranyl acetate 
procedure. 

2. The cells were washed with isotonic KCl or with nearly 
sodium-free dialyzed serum made isotonic with potassium salts, 
and equilibrated with approximately 40 mm. of CO,. 

3. Protein was removed by trichloroacetic acid or by ashing. 

4. Phosphates were removed by powdered calcium hydroxide. 

5. The average sodium value for the red blood cells of twenty 
normal pregnant women was 16.6 mg. with a range from 14.1 
to 20.3 mg. per 100 gm. of cells. 


Addendum—Since the above was written, a paper has appeared by Butler 
and MacKay (11) on ‘‘The influence of the sodium and potassium content 
of the diet upon the sodium concentration of human centrifuged red blood 
cells.”’ 
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HEATS OF SOLUTION, HEATS OF DILUTION, AND 
SPECIFIC HEATS OF AQUEOUS SOLUTIONS 
OF CERTAIN AMINO ACIDS* 


By CHARLES A. ZITTLE anp CARL L. A. SCHMIDT 


(From the Division of Biochemistry, University of California Medical School, 
Berkeley) 


(Received for publication, May 29, 1934) 


The present work forms a part of a larger program which is 
being carried out in this laboratory to determine the thermody- 
namic properties of the amino acids. In the present paper specific 
heat measurements are reported for solutions of glycine, dl-ala- 
nine, and dl-valine. Specific heat measurements for the other 
amino acids subsequently mentioned were not carried out for 
reasons which will be given later. The partial molal heat capacity 
of solvent and solute and the effect of temperature change on the 
heat of dilution were calculated from the specific heat measure- 
ments. Heats of solution and dilution obtained by direct meas- 
urements are reported for eighteen amino acids. These measure- 
ments were used to calculate the heat content of solvent and solute 
and the change in heat content accompanying solution (heat of 
solution). 

Only three reports of the heat of solution and one report dealing 
with heat of dilution of amino acids, obtained by direct measure- 
ments, are to be found in the literature (1-4). However, certain 
other data which bear on this subject, such as solubility measure- 
ments in water at various temperatures, measurements of freezing 
points in aqueous solutions, and the free energies of formation of 
the solid amino acids, are available. The source of these data and 


* Aided by a grant from The Chemical Foundation, Inc., and the Re- 
search Board of the University of California. 

We are indebted to the Cyrus M. Warren Fund of the American Academy 
of Arts and Sciences for the loan of the galvanometer used in these 
experiments. 
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their relation to the data obtained from the present measurements 
will be discussed in the following paragraphs, and in connection 
with the measurements herein reported.! 

On the basis of solubility measurements made at various tem- 
peratures, Dalton and Schmidt (6) calculated the heats of solu- 
tion of certain amino acids by the use of the van’t Hoff equation 


dinN:/dT = AH/RT? (1) 


The van’t Hoff equation is strictly true only when Henry’s law is 
obeyed; that is, when the mole fraction and the activity are pro- 
portional. In dilute solutions where the molality is proportional 
to the mole fraction, the molality and the activity are also pro- 
portional. In some of their calculations published activity data 
were used to correct for the deviation from ideal behavior. When- 
ever activity data were available, both ideal and corrected heats 
of solution were calculated by them. Comparison of these values 
with the heats of solution obtained directly from the present meas- 
urements permits making an estimate of the validity of the activ- 
ity data with an accuracy determined by the limits of error of the 
various measurements. In those cases where no activity data are 
available, some idea of the magnitude of the activity coefficients 
may be obtained by comparing the heats of solution calculated 
from solubility measurements, on the basis of ideal behavior, with 
those obtained by direct measurements. 

A number of measurements of the freezing points of aqueous 


1 The nomenclature, symbols, and constants used, unless stated other- 
wise, are those given by Lewis and Randall (5). The following terms are 
those used most frequently: n, moles of solvent or solute (an inferior figure 
1 affixed indicates solvent; inferior 2 indicates solute; for example, n, indi- 
cates moles of solvent; 2, moles of solute); N, mole fraction; m, moles per 
thousand gm. of water; C,, total heat capacity; C°,, heat capacity of solvent 
or solute in infinitely dilute solution; ¢., apparent molal heat capacity of 
solute (g. = (Cp — niC°»:)/n2); Cy, partial molal heat capacity of solvent or 
solute (defined as dC,/dn); H — H°, total relative heat content (relative to 
a hypothetical standard state of zero heat content, here the infinitely dilute 
solution); H — A°, relative partial molal heat content (defined as d(H — 
H°)/dn); ex — ¢°r, apparent molal heat content of solute (g, — ¢°, = (AH — 
ni f1°;)/n2); SH, change in total heat content, heat of reaction; a, activity; 
F, change in free energy; y, activity coefficient; y,, activity coefficient of 
the undissociated part. In all measurements and discussion the 15° calorie 
is used. 
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solutions of certain of the amino acids have been reported in the 
literature (7-10). From these freezing point data the activities 
of the solvents and solutes can be calculated. Since these meas- 
urements were necessarily carried out at low temperatures, the 
activity data obviously cannot be used for any other temperature, 
such as 25°, unless the change of the activity with change in tem- 
perature is known. The effect of the change of temperature can 
be calculated by the use of the following equation 


din(a/a°)/dT = —(A — A°)/RT? (2) 


The present measurements give the values for (H — f°). 

Some data of the free energies of formation for certain of the 
amino acids in the solid state have been obtained (11-14). In 
order to make such data applicable for reactions carried out in 
solution, the solubility, or, for exact work, the activity of the 
saturated solution, is required. In order to calculate the effect 
of temperature variation on the free energy change for any reac- 
tion in solution again the value (A — A°) is used. The influence 
of variation of temperature on +he free energy change is shown by 
the following equation 


d(aF/T)/aT = —(A — A°)/T* (3) 


The variation of the heat of reaction with change in tempera- 
ture is given by the equation 


dAH/dT = AC, = C,(products) — C, (reactants)* (4) 


A similar equation gives the effect of temperature change on the 
relative partial molal heat content (Hf — A) of any component 
of a solution and can be used to obtain (#7 — A) as a function of 
temperature. The heat capacity data obtained in the present 
study permit the calculation of the effect of temperature varia- 
tion on the heat of dilution, and on the heat content of solvent 
and solute. 

The heat capacity and heat of dilution of a solution are consider- 
ably different in magnitude for electrolytes and non-electrolytes 


* For any change of a property during a reaction, the convention is 
always used here that the sign is determined by the content of the products 
less that of the reactants. 
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(4, 15, 16). Several properties of the amino acids suggest that 
they exist in solution in the form of zwitter ions (17, 18). How- 
ever, Scatchard and Kirkwood (19), from theoretical considera- 
tions, have calculated that the thermodynamic properties of 
zwitter ions will be directly proportional to their concentration. 
In this respect they would behave like non-electrolytes. It was 
considered of interest to determine whether solutions of amino 
acids would show heat capacities and heat contents similar to 
solutions of electrolytes or non-electrolytes. 


Technique 


The amino acids used were crystallized several times from water 
or an aleohol-water mixture. They were carefully dried and kept 
in a desiccator over sulfuric acid. In the preparation of the basic 
amino acids, precautions similar to those employed by Vickery 
and Leavenworth (20) were taken to prevent the formation of 
carbonates. 

The determination of total nitrogen by the Kjeldahl procedure 
was used to check the purity of the amino acids. A purity within 
the limits of accuracy of the method of analysis was required.* 
Proline and oxyproline yielded no amino nitrogen when treated 
with nitrous acid. From pyroglutamic acid, 0.5 per cent of amino 
nitrogen was obtained. However, the correct total nitrogen was 
found. This amino nitrogen may have been due to hydrolysis 
during the course of treatment with nitrous acid (21). 


Apparatus and Procedure 


The design of the calorimeter was somewhat similar to that 
described by Randall and Bisson (22). Numerous suggestions 
obtained from other workers were utilized (23-26). The appa- 
ratus consisted of two 1 liter Dewar flasks supported in such a 
manner in brass cylinders that they could be immersed simul- 
taneously in a constant temperature water bath. A_ twelve- 


2 In the case of lysine this was not met, as the total nitrogen was 1.2 per 
cent low. Contamination with a small amount of barium sulfate, produced 
during the isolation, probably caused the deviation found. Owing to the 
difficulty of crystallizing this very soluble amino acid, no further purifica- 
tion was attempted. The error produced in the heat effect measured is 
probably within the limits of error of the temperature measurement. 
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junction thermocouple was used to measure the temperature 
difference between the two flasks. Thermocouples of four june- 
tions were used to measure the temperature difference between 
each flask and the outer bath. 

The voltage developed by the thermocouples was checked by 
measuring the voltage when the junctions were immersed in water 
baths at temperatures 1-5° apart. The temperatures of these 
baths were measured with the aid of Beckmann thermometers. 
The voltage was measured by a Leeds and Northrup type R gal- 
vanometer and a type K potentiometer. 0.5 microvolt gave a 
galvanometer deflection of 1 mm. on a scale 1 meter distant. The 
scale could be read to 0.5 mm. The galvanometer was used as a 
deflection instrument with the potentiometer scale adjusted to 
within, at the most, 20 microvolts of the final total reading. The 
thermocouples developed 41.05 microvolts per degree per junction,® 
thus making possible with the twelve-junction couple the deter- 
mination of temperature changes of 0.0005°. 

The heat capacity of the calorimeter vessel and accessories was 
determined by heating the water in the experimental vessel with a 
measured quantity of electrical energy. This energy was meas- 


ured with a resistance set-up similar to that described by Mac- 
Innes and Braham (27). All solutions were weighed; the weights 
were not corrected to vacuum. 


Specific Heat Measurements 


Duplicate measurements of the specific heat checked within 
+0.2 per cent when the temperature rise produced by the elec- 
trical energy introduced was 1°. Some of the results show greater 
deviation. These were determined for a temperature rise of only 
0.5°. For the latter the limiting accuracy of the potentiometer 
would introduce a greater percentage error. The Dewar flask con- 
tained approximately 500 gm. of solution. 

Measurements for glycine, dl-alanine, and dl-valine were made 
for the entire concentration range at 25°. The insolubility of the 
dicarboxylic, the long chain monoaminomonocarboxylic, and the 
aromatic amino acids, and serine, methionine, and cystine pre- 

? The value chosen is relatively unimportant, as the accuracy of the data 


obtained from the changes in temperature measured is determined by the 
accuracy of the measurement of the heat capacity of the calorimeter. 
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vented their being studied. Sufficient quantities of proline and 
hydroxyproline for such measurements were not available. This 
was also true for the basic amino acids. Furthermore, the present 
calorimeter was unsuitable for carrying out measurements with 
the basic amino acids, since it did not exclude carbon dioxide. 
The specific heat data obtained for the three amino acids first 
mentioned were plotted against the molality. Values for rounded 
molalities were read from a smooth curve drawn through the points 
plotted. These values are given in Table I. From these values 


Taste | 
Specific Heat and Heat Capacity of Aqueous Solutions of Glycine, dl-Alanine, 
and dl-Valine at 25° 





Glycine dl-Alanine dl-Valine 





Heat capacity Heat capacity 











faqecite 


cal./ 
yma eal. . | cal, 


0.998) 7.5) 7. 
0.985) 8.5) 7.5)17.98 
0.965; 9.0) 8.0)17.97 


Cp, Cp, 2 %e Cp, 


s 





cal, | cal, 





39.5 


0.936) 11.5) 8.5)17.94 
0.910) 14.0 17.90 


BEE SSS & 


0.886) 16.5 17.84 
.5 | 0.867) 19.5) 13.0)17.73 
.0 | 0.851) 22.0) 15.0)17.66 
.33} 0.840) 23.5) 15.5)17.56 









































the total heat capacities‘ of solutions of these amino acids were 
obtained. They were plotted against the molalities. The tangent 
of this curve is the partial molal heat capacity of the solute. 
Other methods for calculating partial molal quantities are given 
by Lewis and Randall (5) and Randall and Rossini (15). For 
data of the degree of accuracy of this work, the present method is 
satisfactory. 


* This is given by the sum of the 1000 gm. of water plus the weight of 
amino acid present times the specific heat of the solution at that molality. 
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To calculate the partial molal heat capacity of the solvent, use 
was made of the following relation between the partial molal heat 
capacity of solvent and solute. 


mdC,, + nd, = 0 (5) 


on [ palma, + 0, (6) 
a,™"e 


TaBe II 
Heats of Solution, in Calories per Mole, and Temperature Coefficients of 
Certain Amino Acids from Solubility Measurements at 25°* 





Amino acid AHideal | 4H corrected d(H) /aTt d(aH)/aT™ 





Glycine 3380 3370 2.87T — 1.06T*t —Y 
d-Alanine 1830 1830 0.412T 12 
2200 2200 0.4957 15 
1500 1590 1.087 + 0.707T? 31 
l-Aspartic acid.....| 6190 5580 1.39T 41 
dl-Aspartic “ 7200 6500 4.37T — 1.397? 7 
d-Glutamic “ .....| 6550 6050 1.487 44 
dl-Glutamic “ .....| 6180 1.39T 41 
dl-Methionine.......| 4240 1.64T — 0.342T? 18 
dl-Serine 5410 3.247 — 1.01T? 7 
Taurine 5980 6.10T — 2.40T? —31 

















* The calculations are based on the data given by Dalton and Schmidt (6). 

t The coefficient of T has been multiplied by 10; the coefficient of 7? by 
105. 

t This was calculated from d?(dinm-y)/dT*. The equation calculated 
from d*(dinN;)/dT? is slightly different; at 298° the coefficient is —14. 


The heat capacity of the solvent was determined by plotting n2/n! 
against C,, and integrating graphically by counting squares. The 
results obtained are given in Table I. 

The trend of C,, with change in concentration might be expected 
from the sign of the heat of dilution. Practically all solutions be- 
come more ideal in their behavior as their temperatures are in- 
creased ;° such partial molal quantities as heat capacity and vol- 

5 An exception to this is found in dilute solutions of electrolytes. Here 


the heat of dilution is negative and becomes more negative with increase 
in temperature (16). 
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ume become more constant throughout their concentration range 
and equal to the corresponding quantities of the pure substance. 
The heat of reaction and change of volume on mixing become 
smaller. According to Lewis and Randall ((5) p. 107) in the case 
of most electrolytes the values for AC, and AH are opposite in 
sign. In the case of glycine, C,, in dilute solutions is smaller 
than in concentrated solutions and the sign of AH of dilution is 
positive. The trend of the C,, values for dl-alanine and dl-valine 
would make one expect a AH with a negative sign and this was 
found to be the case. 

The partial molal heat capacity of glycine and d-alanine in the 
saturated solution can be calculated from data found in the litera- 
ture by the use of Equation 4. Values for the left-hand portion of 
this equation, namely the temperature coefficient of the heat of 
solution, are available from solubility studies (6). At 25°, this 
coeffiaent is —9 calories for glycine, and 12 calories for d-alanine 
(see Table II). The value of C, (solid) for glycine is 24.0 calories 
(12), for d-alanine 29.0 calories (11). Using these values in 
Equation 4, we calculate C,, for glycine to be 15 calories, for d- 
alanine 41 calories. The values obtained by direct measurement 


in the present work for glycine and dl-alanine are 23.5 and 29 
calories respectively. The agreement shown is fair in view of the 
fact that the temperature coefficient of the heat of solution is a 
second differential of the solubility as a function of the tempera- 
ture, and activity should be used in the calculation instead of 
solubility, and furthermore three independent measurements are 
involved in the comparison. 


Heat of Dilution Measurements 


The heats of dilution of glycine, dl-alanine, and dl-valine were 
studied by transferring weighed quantities of water into such 
amounts of solution of known molality that the molality was in- 
appreciably changed (approximately 20 gm. of water were added 
to about 480 gm. of solution). The temperature change measured, 
calculated as calories per mole of water transferred, gave at once 
the change in heat content of the water in going from pure water 
(equivalent to the infinitely dilute solution) to a solution of the 
given molality, which is the relative partial molal heat content of 
the water in the various solutions. These values are given in Table 
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III as A, — A°;. By the use of Equation 5, with H — A° substi- 
tuted for the C, terms, values for the relative partial molal heat 
contents of the solutes were calculated. Plots of the heats 
of dilution against the mole fractions were used for the in- 
tegration. These are more difficult to integrate graphically 
than for the calculation of C,, as one limit of the integration 
is at infinity. The measurements of the integral heats of dilution 
of the saturated solutions served as a check on the accuracy of 
the estimate of the area of integration. The integral heat of 
dilution is given by no( Mf; — A%:) + m (A, — A°;:). Values of 
H, — H°; obtained from the integration were made to agree with 
those calculated from this equation by changing the area of in- 


TaBLe IV 
Heat of Dilution of Giycine 





Measured directly Calculated 





calories per mole calories per mole 
0 

2 

12 25 

45 52 

70 68 

125 126 
235 

250 








u 
0.02 
0.04 
0.10 
0.33 
0.50 
1.00 
3.00 
3.33 


225 





tegration in the very dilute region. The data obtained for the 
integral heats of dilution are given in Table III as ¢, — ¢*, (only 
those for the saturated solutions were measured; the others were. ’ 
calculated). The values calculated for H,; — A are given in 
Table III. 

In Table IV the integral heat of dilution of glycine calculated 
from the heat content of the constituents is given, together with 
those obtained by direct measurement. The values for the two 
most concentrated solutions were obtained in this study. Those 
for the more dilute solutions were reported by Naudé (4) from 
measurements at 18°. A calculation of the change of the heat of 
dilution with change in temperature gave a decrease of 0.5 calorie 
per degree of rise in temperature for the 1 M solution. This would 
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make Naudé’s value for this concentration 121 calories at 25°. 
In the more dilute solutions the change is less. It is characteris- 
tic of non-electrolytes that changes in heat content accompanying 
dilution are zero or very small in concentrations even as large as 
0.1m. This is correlated with their forming perfect solutions at 
these concentrations. In the case of electrolytes the heat of dilu- 
tion of a 0.01 m monovalent salt is about —42 calories per mole 
(16, 4). 

The relative partial molal heat contents of solvent and solute 
can also be obtained by transferring measured quantities of solu- 
tion of known molality into such a quantity of pure water that an 
infinitely dilute solution is formed. In this case the heat contents 
can be calculated without the difficulties of integration found for 
the procedure in which water is transferred into the solution. The 
heat contents of solute and solvent are given by the following 
equations. 

(A, — A) = (en — o's) + m-d(gn — ¢°x)/dm (7) 
(A, — A) = —m*/55.5-d(gx — ¢°x)/dm (8) 


By plotting the relative apparent molal heat contents of the solute 


(vn — ¢%), obtained by measurement under the conditions given 
above, against the molality, the slope required for the calculation 
may be obtained. Similar equations for strong electrolytes were 
derived by Rossini (28), for which a plot of (g, — ¢°*,) against m! 
was required. For electrolytes a straight line is obtained by this 
plot in very dilute solutions, permitting extrapolation to infinite 
dilution (28, 16). 

The relative apparent molal heat contents (integral heats of 
dilution) were measured for the amino acids given in Table V. 
It is believed that a sufficient range of measurements has been 
made to permit extending these curves to the molalities of the 
saturated solutions for proline, hydroxyproline, pyroglutamic 
acid, and histidine. When the solubilities have been determined 
accurately at 25°, the entire range of (H, — A°:) and (A; — As) 
can be calculated from the present data. The relative partial 
molal heat contents of the solute for the highest concentrations 
studied have been estimated roughly from a plot of (g, — ¢*s) 


* Rough measurements indicate a solubility at 25° for proline of <10 
moles per 1000 gm. of water; hydroxyproline, <8 moles; histidine, < 1 mole. 
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With these values and the heats of solution, 


to be considered later, the heat of solution into the saturated solu- 
tion can be determined. An estimate of the magnitude of the 
heat of solution into the saturated solution for each of these amino 
acids is given in Table VI. 


Tasie VI 


Heat of Solution, in Calories per Mole, of Certain Amino Acids al 25° 




















Amino acid i, — H,{(solid) | ¢ 7 ¢, (saturated)* A, -H,(sat.) ok 

Hi (solid) 

Gioeias. 2. 22 Se. 3755 + 15 225 400 3355 

dl-Alanine........... 2040 + 20 —100 —210 2250 

dl-Valine............ 1430 + 25 —150 —300 1730 

I exon wensekt —-700 + 5O —570 — 1050 > 300 
(8.0 m) (8.0 m) 

l-Hydroxyproline....| 1400+ 75 15 35 | >1500 
(2.0 m) (2.0 m) 

d-Pyroglutamic acid.| 3600+ 40 540 1100 <2500 
(7.0 m) (7.0 m) 

dl-Methionine.......| 4000 + 100 <+60 4100 

i ccacs sno ded 6000 + 100 150 300 5700 

dl-Serine............ 5180 + 60 70 130 5050 

d-Lysine............}—4000 + 100 — 260 —500 |<—3000 
(1.0 m) (1.0 m) 

l-Histidine..........| 3300 + 100 50 90 3200 
(0.5 m) (0.5 m) 

d-Arginine........... 1500 + 75 225 425 < 1000 
(1.0 m) (1.0 m) 

l-Aspartic acid..... 6000 + 100 6000 

dl-Aspartic “ ..... 7100 + 100 7100 

d-Glutamic “ ..... 6530 + 75 100t 200 6330 

l-Asparagine hydrate} 8000 + 100 8000 

_ anhy- 
GU o's'n50 & datas 5750 + 100! 5750 





* The uncertainty in these data is indicated in the tables giving the data 
for the heat of dilution. 


t Approximate. 


Attempts were made to measure the heat of dilution of saturated 
d-glutamic acid solutions. Trials made with 21.8 gm. of saturated 
solution (0.0585 m at 25°) indicated that the sign is positive but 


the change in heat content is small (about 0.3 mm. deflection on 
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the galvanometer scale in one trial). It was estimated as being 
approximately 100 to 200 calories per mole. Measurements of 
the heat of dilution of aspartic acid were not attempted, as it is 
even less soluble (0.0376 m at 25° for the ! isomer) than glutamic 
acid. Comparison of the heats of solution obtained by direct 
measurement and by solubility measurements with those for glu- 
tamic acid indicates that the heat of dilution of aspartic acid must 
be of the same magnitude as that of glutamic acid. The heat of 
dilution of saturated (0.23 m at 25°) dl-methionine could not be 
measured. It must be less than 60 calories per mole. 

As the heat of dilution of glycine is positive, that of alanine and 
of valine negative, valine having the larger value, it was con- 
sidered of interest to measure the heat of dilution of leucine to 
determine whether any correlation with the length of the carbon 
chain existed. This amino acid is fairly soluble (0.186 m at 25° 
for the [form). When 21.8 gm. of a saturated solution of [- 
leucine were used, no heat effect could be observed. The heat of 
dilution must be less than 50 calories per mole. 

By measuring the heat of dilution at two temperatures values 
of dAH /dT were obtained directly for purposes of comparison with 
the calculated values obtained by the use of Equation 4. Heat of 
dilution measurements were made at 19° and 25° for 3.00 m gly- 
cine, 1.76 m dl-alanine, and 0.58 m dl-valine. The data obtained 
were as follows (the first values were obtained at the higher tem- 
perature): 210 and 260 calories per mole for glycine, —90 and 
—112 for dl-alanine, —105 and —110 for dl-valine. The change 
of the total heat content with change of temperature, from these 
measurements, was —8.3 calories for glycine, 3.7 calories for dl- 
alanine, and 1.0 calorie for dl-valine. The following equation can 
be written for the process of dilution of the 3.00 m glycine solution. 


Glycine (1:18.5H,O) + (@ — 18.5)H,O = glycine (1:@H,O) (9) 


The partial molal heat capacities required for use in Equation 4 
are given in Table I. The change in total heat capacity indicates 
a dAH/dT of —8.5 calories. The close agreement obtained is in- 
part fortuitous, as an uncertainty of 1.5 calories exists in the value 
measured directly, but this calculation does indicate that the C, 
values are sufficiently accurate for purposes of calculating the 
effect of temperature on the heat of reaction. It is another in- 
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stance of the usefulness of such data. A similar calculation for 
alanine gave 5.6 calories. As there is an uncertainty of 3.0 
calories in the coefficient obtained by direct measurement, the 
agreement can be considered good. For valine a coefficient of 25 
calories was calculated (C,, for the infinitely dilute solution of 113 
calories was used). In this case the calculated value is much 
higher than that obtained from direct measurements. There is an 
uncertainty of 10 calories in the measured coefficient, but the dis- 
crepancy between these values is too great. It is believed that 
93 calories would be a more correct value for C,, of the dilute solu- 
tion (m = 0), 88 calories for the 0.1 m solution, and 83 calories for 
the 0.2 m solution. The use of 93 calories in the calculation of 
ddH/dT gives 10 calories for this coefficient, a more probable 
value. Also by this change, C,, is made proportional to the mo- 
lality throughout the concentration range. Using these values 
is equivalent to reducing slightly the curvature of the specific 
heat and total heat capacity curves in this region. However, the 
change in the specific heat values is not larger than the limit of 
error. The corrected values obtained by this change are given in 
Table I. 


Heat of Solution Measurements 


For these measurements the solid amino acid was transferred 
into pure water in such an amount that the resulting solution was 
sufficiently dilute so that, on further dilution, the heat effect was 
negligible (500 gm. of water were contained in the Dewar flask; 
usually several gm. of the amino acid were used). Solutions of 
0.1 m met this requirement (see Table IV). The data obtained 
from these measurements are given in the second column of 
Table VI. 

Heat of solution measurements of certain of the amino acids 
could not be made because of their extremely low rate of solution. 
Leucine shows this property and could not be studied although it 
is fairly soluble (0.186 m for the | form at 25°). With increase in 
chain length, the aliphatic amino acids crystallize as greasy plate- 
lets of low density which, even when powdered, float on the water. 
This difficulty was experienced with valine to some extent; 30 
minutes were required for solution. However, the time when 
solution was complete could be clearly recognized, for at that point 
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the rate of temperature change became constant. The average of 
the rate of temperature change before and after solution (these 
differed only slightly) was used to correct the total effect measured. 
A slow rate of solution was experienced with some of the other 
amino acids, but in most cases excellent agreement was obtained 
among several experiments. 

The total heat effect of solution, when a dilute solution is formed, 
can be divided into the heat of solution into a saturated solution 
and the heat of dilution. The heat of solution into a saturated 
solution (corresponding to the AH in Equation 1), or into a solution 
of any particular molality, is obtained by subtracting the relative 
heat content of the solute for that particular molality. If glycine 
is taken as an example, 3755 calories are absorbed for the transfer 
into the dilute solution, and 400 calories liberated in the transfer 
from the dilute to the saturated solution. The heat of solution is 
then 3355 calories. 

The heat of solution of glycine has been measured directly by 
Louguinine in 1879 (1); a value of 3580 calories for a final concen- 
tration of 0.27 m was obtained. The temperature at which it was 
measured was not reported, but judging from other work done in 
that laboratory (Berthelot’s), it was probably 16°. The heat of 
dilution and the heat capacity data obtained from the present 
measurements were used to evaluate Louguinine’s measurement 
as the heat of solution into the saturated solution at 16°. To his 
measured value, 50 calories should be added for further dilution 
to the infinitely dilute solution. The change of the heat of dilu- 
tion with change in temperature equals approximately 6 calories 
per degree for a molality of 2.76, which is the solubility at 16°. 
The integral heat of dilution for this molality can be calculated 
from the data in Table III. This is 200 calories at 25° and 260 
calories at 16°. If the change of the heat of dilution with change 
in molality is about the same as at 25°, the relative heat content 
of the solute is approximately 470 calories. Subtracting this from 
the total heat effect obtained from Louguinine’s measurement 
gives 3160 calories for the heat of solution into the saturated solu- 
tion at 16°. 

A discrepancy of approximately 250 calories exists between 
Louguinine’s value and the value obtained in this study. It is 
impossible to evaluate the accuracy of Louguinine’s work, as the 
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specific heat assumed for the solution obtained is not given. 
Moreover, the additive-calibration method was used to obtain 
the heat capacity of the calorimeter (29). 

The heat of solution of dl-alanine has been measured directly 
by Baur (2). The concentration of the solution formed was not 
given and the temperature was merely stated as room tempera- 
ture. Assuming that the temperature was 20°, his value of 2020 
calories is in good agreement with the value of 2040 calories ob- 
tained at 25° in the present study. 

Berthelot (3) in 1891 measured the heat of solution of dl- 
aspartic acid at 16°. The optical property was not mentioned, but 
the commercial acid had been boiled in potassium hydroxide 
several minutes to decompose any asparagine present. Such 
treatment would probably form the racemic compound. The 
final concentration was 0.02 mM. His value of 7250 calories is in 
fair agreement with the 7100 calories found in the present study 
at 25°. 

The heats of solution of asparagine hydrate and asparagine were 
also determined. For both of these compounds solutions of the 
same concentration and composition were formed and the dilu- 
tion effects were the same. Consequently, these solutions can 
serve as a reference state of identical heat content. In transfer- 
ring a mole of the hydrate from this solution to the solid state, 8000 
calories are liberated; for the transfer of the anhydrous form, 5750 
calories are liberated. The difference between these heat effects, 
— 2250 calories (with an uncertainty of 200 calories), must be the 
heat of hydration; namely, the heat liberated in the combination 
of 1 mole of the anhydrous form with a mole of water to form the 
hydrate. 

Data for the heats of combustion are available for these two 
compounds. The products of combustion here serve as a refer- 
ence state. A calculation of the heat of hydration similar to that 
given above can be carried out. The heat of combustion of anhy- 
drous asparagine was determined in 1891 by Stohmann and 
Langbein (30) as 463,500 calories at 18° and constant pressure. 
This is the average of four values ranging from 462,300 to 464,700 
calories. The heat of combustion of the hydrate was determined 
in 1911 by Emery and Benedict (31) as 459,750 calories at 18° 
and constant pressure. They used an adiabatic calorimeter. The 
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2° experimental rise in temperature was measured to 0.001° with 
a Beckmann thermometer. The difference in these heats of com- 
bustion (hydrate and anhydride) is 3750 calories. The hydrate 
has the smaller heat content and hence the heat of hydration from 
these measurements is —3750 calories. Considering the uncer- 
tainty in Stohmann and Langbein’s values, the agreement with 
the present measurements is good, and indicates their lowest value 
is the most probable. 

Huffman and Borsook have used the combustion data given 
above in calculations of the free energy of formation of these com- 
pounds (11). If Stohmann and Langbein’s lowest value, less 
300 calories for the change to 25°, is used, instead of the average 
value, the free energy of formation of anhydrous asparagine is 
increased (becomes more negative) by 1000 calories. If this value 
and that given by Huffman and Borsook for the hydrate are used, 
the change in free energy for the reaction 


Asparagine (solid) + H,O (liquid) = asparagine hydrate (solid) (10) 


is —550 calories at 25°. The change in entropy is —5.7 entropy 
units. The following free energy equation for the reaction was 
obtained 


AF = —2250 + 5.70T (11) 


At 395° K. (122°C.) the change in free energy is zero. At this 
temperature, the eutectic temperature, the hydrated and the 
anhydrous form will be in equilibrium, and will crystallize simul- 
taneously from solution. Below this temperature the hydrate will 
crystallize out; above this temperature, the anhydrous form will 
appear. Unpublished solubility data for temperatures up to 70° 
by Dalton and Schmidt indicate that the hydrate is the solid 
phase in equilibrium with the asparagine in solution. 

Thomsen (32) found that of 100 inorganic hydrates studied 
forty-five gave values of between 2100 and 2490 calories for the 
heat of hydration per molecule of water. Sixteen mono- and di- 
hydrates gave somewhat higher values. These values were 
roughly proportional to their resistance to dehydration. The 
decahydrate of sodium pyrophosphate (Na,P,0;-10H:O) gave a 
heat of hydration of 2350 calories for each molecule of water. 
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For this compound all of the water was found to be removed with 
equalease. It is not surprising to find a comparable heat effect for 
the hydration of asparagine where the free energy change is small 
and the water is easily removed by heating a short time at 100°. 
Probably the entropy change would be found to be the same for 
all hydrations. 


DISCUSSION 


The heats of solution obtained by direct measurements are given 
in the last column of Table VI; those calculated by Dalton and 
Schmidt from solubility measurements (6) are given in Table 
II (di-methionine, dl-serine, and taurine were calculated from un- 
published data by these workers) for comparison.’ 

The value obtained by direct measurements of the heat of solu- 
tion of glycine agreed with the corrected heat of solution obtained 
from solubility measurements. The value of the ideal heat of 
solution from solubility measurements should be 3380 calories 
(obtained from dinN;/dT = AH) instead of 3590 calories (ob- 
tained from dlnm.y/dT = AH, where y = 1) previously given. 
The close agreement of the corrected heat of solution with this 
value may mean that the deviation of glycine solutions from ideal 
behavior at 25° is due to the use of a:/m instead of a,/Nz, in ob- 
taining the activity coefficient. The molality and the mole frac- 
tion are only proportional in dilute solutions. 

The results for dl-alanine obtained by direct measurements and 
those obtained from solubility measurements are almost identical, 
indicating the formation of an ideal solution. This is in agree- 
ment with freezing point measurements (9). 

The value for di-valine by direct measurements is approximately 
100 calories greater than that obtained from corrected heats of 
solution from solubility measurements. The activity coefficients 
used to correct the solubility measurements were greater than 
unity. They were calculated from data reported by Friinkel (9). 
The heat of solution measured confirms these values and indicates 
that they may be slightly greater than found. 


7 The calorimetric heats of solution given in Dalton and Schmidt’s publi- 
cation were obtained by subtracting (g, — ¢°,) from the total heat of solution 
obtained by direct measurement. The use of (A; — A°:) gives slightly dif- 
ferent results. 
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The results obtained by direct measurements for d-glutamic 
acid and dl-aspartic and l-aspartic acids are higher than the cor- 
rected values from solubility measurements, even when corrected 
for the heat of dilution found for d-glutamic acid. The sign of the 
heat of dilution indicates that the activity will increase with in- 
crease in temperature. This correction will give a closer agree- 
ment. 

The values for di-methionine agree. This was expected, as the 
heat of dilution is negligible. When the heat of dilution is small, 
the behavior is usually ideal. The results for taurine and dl- 
serine indicate that the activity coefficients will be less than unity, 
and will increase with increase in temperature. 

The sign of the right-hand term of Equation 2 indicates that the 
activity of the solute will decrease with increase in temperature 
when (A, — A”°,) is positive. (A. — A.) is positive for alanine, 
valine, proline, and lysine. In the case of valine, the activity 
coefficients measured at 0° are greater than unity (9). Here 
again there will be agreement with the rule that the behavior of 
solute and solvent becomes more ideal as the temperature is in- 
creased. The activity coefficient of arginine in 0.8 m solution is 
approximately 0.7 (9). This behavior is confirmed by the heat of 
dilution of 225 calories in the 1.0 m solution. 

By the use of equations giving the activity coefficients of glycine 
solutions as a function of concentration (6) for the available data 
from three independent series of measurements, the activity coeffi- 
cients of the saturated solution at 25° were calculated to be 
0.624, 0.663, and 0.894, respectively. By using (A. — A%:) as 
a function of temperature in Equation 2 ((5) p. 349) the activity 
coefficient of the saturated solution at 25° is found to increase 13 
per cent for a change in temperature from —3° to +25°. When 
(A; — As) is used as a constant, the increase is only 8 per cent. 
It is apparent that the correction for the effect of temperature 
change is not justified until the disagreement in the values of the 
activity coefficients is explained, or more accurate data are ob- 
tained. Judging by the agreement of the corrected heat of solu- 
tion from solubility measurements, when the equation giving the 
third coefficient above was used, with the measured heat of solu- 
tion, an activity coefficient of 0.90 would be a good estimate for 
the saturated solution at 25°. On this basis, the first and second 
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values given above for 0° are too low, the third too high. The 
value of 0.90 for the saturated solution at 25° will be used in the 
free energy calculations. A similar calculation made for dl- 
alanine with (H#, — A) as a function of temperature gave a 6 
per cent decrease in the activity for the same temperature change. 
Calculations for dl-valine, with (Hf, — H°:) as a constant, gave a 
decrease of 5 per cent. 

The free energy change for the reversible transfer of a mole of 
solid glycine into a 3.33 mM aqueous solution was calculated by the 
use of Equation 3. At 25° the value for AF is zero for the above 
process, since the solution is saturated. The change in heat con- 
tent for this transfer is 3350 calories and dAH /dT is —9 calories. 
By the use of these values in Equation 3, the following equation 
is obtained 

AF = 20.73T log T — 71.50T + 6030 (12) 


The change in free energy for the reversible transfer of a mole of 
solute from a solution in which its activity is a°, to a solution in 
which its activity is a; is given by the equation 


AF = RT In (a;/a°s) (13) 


For the transfer of a mole of glycine from a hypothetical 1 m solu- 
tion having the properties of the infinitely dilute solution (y = 1, 
heat content = 0) to a 3.33 m solution (y = 0.90) the change in free 
energy is 650 calories (if a, is used as proportional to N», the 
change in free energy is calculated to be 690 calories). By using 
AF os of 650 calories, (7; — H°,) of —400 calories, and d( A, — 
H°.)/dT of 15 calories in Equation 3, the following general equa- 
tion is derived for the above transfer 


AF = —34.54T log T + 104.007 — 4870 (14) 


Similar calculations were made for l-aspartic acid with the fol- 
lowing data: AH solution, 5790 calories; dAH /dT, 41 calories; (A: 
— HA°,), —400 calories; AF, per mole, for the transfer of the un- 
ionized molecule froma 1 m (standard solution) to a 0.038 m solution 
where the percentage ionized is 93.5 and 7u,,, is 0.42, —2450 


calories. The following equations were obtained. 


AF (solid = 0.038 m) = —94.40T log T — 6410 + 254.3T (15) 
AF(1 m = 0.038 m) = —9.57T + 400 (16) 
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At 298° AF (solid = 1 m) is 2450 calories; at 310° the change in 
free energy for the same transfer is 2150 calories. Borsook and 
Huffman (13) have obtained 2160 and 1940 calories respectively 
for this transfer by the use of solubility data at the higher tem- 
perature and an activity coefficient calculated by the use of the 
dissociation constant. The difference is due chiefly to the values 
of y. used. The value of y. and the percentage of un-ionized as- 
partic acid used above were taken from the data of Hoskins, 
Randall, and Schmidt (7). (A. — A:) was estimated from the 
behavior of di-glutamic acid and is only approximate; it was con- 
sidered as being entirely caused by the change in the activity of 
the un-ionized molecule. 

Similar free energy equations can be derived for the other amino 
acids for which data are available. For this purpose the tempera- 
ture coefficients of the heats of solution were calculated from 
solubility data (6). They are given in Table II. This coeffi- 
cient can also be used in Equation4. C,, fordl-valine was found to 
be 63 calories by direct measurement. This is extremely high 
compared with glycine and dl-alanine. However, this is confirmed 
by the high value of 31 calories for dAH/dT. By the use of Equa- 
tion 4, the molal heat capacity of the solid was calculated to be 32 
calories per mole, or 0.274 calories per gm. This equation was 
also used to calculate the heat capacity of d-glutamic acid in its 
saturated solution (0.06 m at 25°), Huffman and Borsook’s data 
(11) for the C, (solid) at 25° being used. The value obtained was 
86 calories per mole. The sign and magnitude of dAH/dT for 
taurine indicates that C,, must be small in the saturated solution 
(0.85 m at 25°). 

Aqueous solutions of strong electrolytes have negative partial 
molal volumes and heat capacities in their dilute solutions; that 
is, the total volume or heat capacity of the solution is less than the 
sum of the volumes or heat capacities of its pure components (5, 
15). These properties become positive in concentrated solutions. 
For a physical picture to explain this property, there have been 
suggested a change in the degree of association of the solvent 
molecules ((5) p. 85) and hydration of the solute particles (33). 
The probable zwitter ion structure of amino acids suggests that 
they may be hydrated. Weber (34), studying the volume changes 
accompanying ionization, has found a considerable degree of hy- 
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dration. However, in the present study, as well as in measure- 
ments of partial molal volumes (6), all of the values are positive 
and the total variation is comparatively small. This suggests 
that the interaction between solute and solvent molecules is small. 
Data given by Rossini (35) for the partial molal heat capacity of 
acetic and citric acids show changes of magnitude similar to those 
obtained in the present study. 

Gucker has found that the apparent molal volumes and com- 
pressibilities of sucrose and urea in aqueous solutions are propor- 
tional to the square root of the molality (36). Strong electrolytes 
show this proportionality for heat capacity over a concentration 
range of several moles.* Gucker suggests similar solvent forces 
may be active for both electrolyte and non-electrolyte. However, 
in the present study {C,, (and ¢.) have been found proportional 
to the molality. This is in agreement with Scatchard and Kirk- 
wood’s theoretical calculations (19). The partial molal volumes 
obtained by Dalton and Schmidt (6) are not a simple function of 
concentration. The curve obtained by plotting V, against m for 
glycine and dl-alanine is S-shaped (a plot against m! accentuates 
the S-shape). VV. for dl-alanine increases with increase in con- 
centration; C,, for dl-alanine decreases. This differential has the 
same sign for both properties in the case of glycine. Usually 
similar trends are found for V and C,. 

The heats of dilution of glycine and dl-alanine, compounds differ- 
ing by —CHhp, have different signs. Proline has a large heat of 
dilution; hydroxyproline has a negligible heat of dilution and the 
opposite sign from that of proline. Both arginine and lysine have 
large heats of dilution; for lysine the sign is negative; for arginine 
the sign is positive. Such differences in properties, and the con- 
siderations given in the preceding paragraphs, indicate that the 
properties of amino acids in aqueous solutions cannot be ex- 
pressed in simple terms. 

The complete data as well as the plotted curves and a detailed 
description of the apparatus and procedure used are on file in the 
University of California Library. 


® Other partial molal properties of electrolytes show this proportionality 
in very dilute solutions in agreement with the Debye-Hiickel theory. 
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SUMMARY 


1. Measurements of the specific heats at 25° of solutions of 
glycine, dl-alanine, and dl-valine are reported. From these meas- 
urements the heat capacities of the solvent and solute over the 
entire concentration range have been calculated. 

2. Measurements of the heat of dilution and solution of eight- 
een amino acids were made at 25°. The heat contents of the 
solvents and the solutes and the heats of solution into the satu- 
rated solution have been calculated from these measurements. 

». The relations of the heat content and the heat capacity to 
the solubility, activity, free energy change in solution, and the 
heat of reaction have been discussed. 

4. The change of the heat of dilution with change in tempera- 
ture for glycine, dl-alanine, and dl-valine was calculated from the 
heat capacities of the solvent and of the solute. These values 
are compared with those obtained by measurements of the heats of 
dilution at 19° and 25°. 

5. The partial molal heat capacities of the solutes in saturated 
solutions of glycine and dl-alanine were compared with those cal- 
culated from data reported in the literature for the temperature 
coefficients of the heats of solution and the heat capacities of these 
amino acids in the solid state. The heat capacity of solid dl- 
valine was calculated from the temperature coefficient of the heat 
of solution and its partial molal heat capacity in the saturated 
solution. 

6. The heats of solution measured for glycine, dl-alanine, and 
dl-aspartic acid were compared with measurements found in the 
literature. 

7. The heat contents and heat capacities obtained for amino 
acids are discussed in relation to those expected for a perfect solu- 
tion and those obtained for electrolyte solutions. 

8. The heat of hydration of asparagine was determined from 
the heats of solution of the hydrated and the anhydrous form. 
This value was compared with that obtained from combustion 
measurements. 

9. The change of the activity of glycine solutions with change in 
temperature was calculated and discussed. 

10. Equations giving the change in free energy as a function of 
temperature for the process of solution and for the transfer of a 
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mole of solute from one solution to another were derived for gly- 
cine and l-aspartic acid. 
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THE EFFECT OF VARIATIONS IN IONIC STRENGTH ON 
THE APPARENT ISOELECTRIC POINT 
OF EGG ALBUMIN 
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New Haven) 
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The isoelectric point of ovalbumin has been determined a num- 
ber of times by different methods and investigators with widely 
varying results (pH 4.55 to 4.88). In order to determine whether 
the variations of the values reported could be due to the influence 
exerted by the ionic strength of the buffer solvent and perhaps that 
of the protein itself, the writer has made a study of different con- 
centrations of ovalbumin in several buffers of varied ionic strength. 


Methods and Materials 


Ovalbumin was prepared from hen’s eggs by the method of 
Cannan (3). The protein was crystallized three times from the 
sodium sulfate solutions, then filtered, and dried. As needed for 
study, the resulting white powder was dissolved in distilled water, 
filtered to remove any insoluble residue, and dialyzed in cellophane 
tubes to a specific conductivity of about 1 X 10~*. This solution 
was concentrated to an almost jelly-like consistency by suspending 
the dialyzer in the stream of air from an electric fan. The con- 
centration of protein in this material was determined by drying a 
sample in an air oven at 110°; usually concentrations of 10 per cent 
or higher were obtained. This stock solution was stored in the 
cold room with merthiolate as a preservative. 

The acetate buffers used were prepared according to the direc- 
tions of Green (5) from standard solutions of acetic acid and of 
sodium hydroxide. The phthalate series was prepared from stock 

* Honorary Research Fellow, Yale University, 1933-34. The writer 
wishes to thank Dr. David I. Hitchcock for suggesting this problem. 
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solutions of potassium acid phthalate (prepared as for use in alkali 
standardization) and of sodium hydroxide. The citrate solutions 
were prepared from freshly recrystallized citric acid and from so- 
dium hydroxide and hydrochloric acid. 

The pH values were determined in the Simms type of hydrogen 
electrode (10) at 25°. The standard of reference was 0.1 m HCl 
(pH 1.07). Cataphoretie migrations were observed at room tem- 
perature which was kept as near 25° as possible, rarely below 24° 
or above 26°. The addition of quartz or collodion particles to the 
protein solutions did not appreciably alter the pH values. 

Mobility measurements were made in a modification of the 
microcell of Northrop and Kunitz (9)! with a dark-field condenser. 
The source of light was a microscope lamp with a 100 watt, 110 
volt projection bulb. A 20X objective and a 10X ocular were 
used in the microscope. The source of electrical potential was a 
110 volt p.c. line connected to the cataphoresis cell through a 40 
watt lamp and a reversing switch. Observations were made at 
five depths, equally spaced throughout the cell; velocities were 
determined with a stop-watch and an ocular micrometer scale. 
The values of the speeds were obtained in micra per second and were 
not corrected to unit potential gradient. 

Most of the cataphoresis measurements were made at a protein 
concentration of 0.1 per cent. This quantity of albumin did not 
produce a measurable change in the pH of the buffer solutions. 
In the acetate series some observations were made with a concen- 
tration of 1 per cent of protein; with this amount present it was 
possible to estimate the isoionic point from minimal pH change 
data as well as the isoelectric point from mobility studies. With 
2 per cent of albumin cataphoretic studies were not possible, but 
calculations from minimal pH change in the buffer solvent were 
made. 


Cataphoresis Measurements 


2 drops of a suspension of collodion prepared according to the 
directions of Loeb (7) or of quartz (silicic acid) particles were added 
to a solution of protein of the desired concentration in 100 ce. of 
buffer, and the migration was studied. The ionic strengths (u) 
of the buffers used ranged from 0.01 to 0.10. Within this range 


! Manufactured by Arthur H. Thomas Company, Philadelphia. 
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three concentrations of citrate, four of phthalate, and five of acetate 
solutions were investigated. Six solutions varying in pH from 
about 3.9 to 5.2 were examined at each ionic strength, and the 
isoelectric point for each concentration was determined graphically 
from the average speeds of the suspended particles. Fig. 1 shows 
typical determinations. 
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Fig. 1. Typical mobility curves for three concentrations of citrate 
buffers containing 0.1 per cent of ovalbumin. The average speed at each 
pH is plotted against the pH scale. + and — indicate the charge on the 
particle. @ represents a solution having an ionic strength of 0.10; O, of 
0.05; and @, of 0.03. 


It was found that the citrate solutions gave markedly lower pH 
values for the isoelectric points than did the phthalate series, pH 
4.56 at uw 0.10, as against 4.70 and 4.72 for the other two buffer 
systems. However, linear extrapolation to 0 ionic strength, by 
plotting the apparent isoelectric point against the ionic strength of 
the buffers, gave an identical point at 0 ionic strength for all three 
series; the line for 0.1 per cent protein in each case intersects » 


0 at pH 4.855 (see Fig. 2). 





190 Isoelectric Point of Egg Albumin 


As these experiments had been made with collodion par- 
ticles, it was decided to test the question of the influence of the 
adsorbent, which was shown by Dummett and Bowden (4) to be 
appreciable in the case of hemoglobin. For this purpose particles 
of quartz (c.P. silicic acid) were used in protein solutions made up 
in three concentrations of acetate buffers. In this case the line of 
the apparent isoelectric points (when plotted against the ionic 
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Fie. 2. The apparent isoelectric points of 0.1 per cent and 1 per cent 
ovalbumin obtained by cataphoresis measurements. @ represents citrate 
buffers containing 0.1 per cent protein; @ represents phthalate buffers 
containing 0.1 per cent albumin; © represents acetate buffers containing 
0.1 per cent albumin on collodion, @ on quartz; © represents acetate con- 

taining 1 per cent albumin. 





strength) was slightly lower than that obtained from the experi- 
ments with collodion, extrapolating to pH 4.845 at » 0 (see Fig. 2). 

Examination of acetate buffers containing 1 per cent of ovalbu- 
min gave apparent isoelectric points which again determined a 
straight line when plotted against the ioni strength (« 0.025, 
0.050, and 0.100). The pH value of the isoele :tric point for each 
concentration of the buffer was distinctly lower than that at the 
corresponding ionic strength with 0.1 per cent protein present; the 
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intercept with 0 ionic strength was at pH 4.825 (see Fig. 2). This 
suggests that the protein has an amphoionic strength which tends 
to lower its own apparent isoelectric point as does the increasing 
of buffer concentration. 


Isoionic Point by Minimal pH Change 


The pH change induced in acetate buffers by the addition of 1 
or 2 per cent of ovalbumin was measured. This change was 
plotted against the original pH of the buffer and the minimal 








Ping, chee 


tier 


0.02 0.04 0.06 0.08 0.10 
A 
Fig. 3. The apparent isoelectric points of 1 and 2 per cent albumin in 
acetate buffers by minimal pH change. © represents 1 per cent albumin; 
O represents 2 per cent; @ is the value found by Tiselius (13). 
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point determined graphically. With solutions 1 per cent in pro- 
tein, values were obtained which confirmed within 0.01 pH the 
isoelectric point found by mobility measurements at the same 
protein concentration. 

With 2 per cent of albumin present it was not possible to make 
electric mobility determinations. The values found by minimal 
pH change were again much lower on the pH scale than those for 
less concentrated protein solutions; in the higher ionic strengths 
they approached the figures obtained with citrate buffers and 0.1 
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per cent albumin (compare Figs. 3 and 2). The values for the 
three ionic strengths used fall on a straight line which intersects 
0 ionic strength at pH 4.79 (see Fig. 3). 


DISCUSSION 


The apparent isoelectric point of ovalbumin is influenced in a 
definite and regular manner by the ionic strength of the buffer used, 
at least for the three systems so far studied, and by the concentra- 
tion in which the protein itself is present. The latter fact becomes 
more evident if the pH values for the isoelectric points at 0 ionic 
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Fie. 4. The isoelectric points of ovalbumin at different concentrations 
in buffers at 0 ionic strength plotted against the concentration of the 
protein. @ represents values from mobility measurements; O from mini- 
mal pH change. 


strength of buffer for each protein concentration are plotted 
against the percentage concentrations of albumin; these three 
points fall on a straight line which intercepts the axis of 0 protein 
content at a slightly higher pH than the value found for 0.1 per 
cent protein, at pH 4.86 (see Fig. 4). 

The extrapolated values obtained from minimal pH change 
determinations, where the ovalbumin is in solution, agree closely 
with the results of the migration experiments where the protein is 
adsorbed on quartz or collodion particles. This agreement indi- 
cates that the behavior of ovalbumin in solution and as an ad- 
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sorbed film is the same. Abramson (1) also showed that the 
mobility of ovalbumin adsorbed on quartz corresponded almost 
exactly to that in solution, as found by Svedberg and Tiselius (12) 
with the moving boundary method. 

While the line of extrapolated mobility results determined by 
the citrate buffers has a much greater slope than that of either the 
phthalate or acetate series (see Fig. 2), it is in general true that the 
apparent isoelectric point varies inversely with the ionic strength 
of the medium. Lack of data for the activity coefficients of egg 
albumin under these conditions precludes calculation of the mag- 
nitude of the effect exerted by the protein itself. The differences 
among the lines determined by the three buffer salts suggest that 
there may be some specific ion effect, and experiments are planned 
to test this possibility by extending the number of buffers used. 

The differences between the values given by Ito and Pauli (6) 
(pH 4.60), Abramson (2) (pH 4.57), Nichols (8) (pH 4.65), and 
Tiselius (13) (pH 4.55 and 4.63 by the moving boundary method) 
and those herein recorded cannot be explained wholly by the dif- 
ferences in buffer strength or in protein concentration. Tiselius 
observed an increase from pH 4.55 to 4.63 when he replaced the 
sodium acetate of his buffer with barium acetate. It is true that 
most of these investigators used ammonium sulfate instead of 
sodium sulfate as the crystallizing salt (we intend to test the effect 
of this difference in the near future), but Tiselius (13) determined 
the isoionic reaction of his albumin by minimal pH change in 0.02 
mM acetate buffers with 2.5 per cent of protein, obtaining a value 
of pH 4.76. The line determined by the 2 per cent albumin 
in the present study indicates an apparent isoelectric point for an 
ionic strength of 0.02 at pH 4.75. This excellent agreement sug- 
gests that differences between albumin preparations crystallized 
from ammonium and from sodium sulfates must be small. 

Sgrensen, Linderstrém-Lang, and Lund (11), in studying the 
effect of salts on egg albumin ionization, determined the isoionic 
point for this protein from combining capacity data at varying 
concentrations of ammonium sulfate and of ammonium chloride. 
They found the isoionie reaction to be at paH 4.90 + 0.02, in the 
presence of 0.05 to 2.96 N ammonium chloride. With ammonium 
sulfate, 0.06 to 4.12 Nn, the corrected paH values for the isoionic 
points varied from 4.84 to 4.76. They calculate, for salt-free 
solutions, an isoionic reaction between paH 4.87 and 4.89. This 
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result agrees fairly well with the extrapolated value of pH 4.85 
obtained in the present study from mobility and minimal pH 


change estimations. 
SUMMARY 


The apparent isoelectric point of ovalbumin, cataphoretically 
determined, is inversely related to the ionic strength of the buffer 
used and to the concentration of the protein present. 

Extrapolation of apparent values for the isoelectric point of 
ovalbumin in 0.1 per cent solution in citrate, phthalate, and ace- 
tate buffers to 0 ionic strength gives an isoelectric point of pH 
4.85 + 0.01. 

Citrate buffers produce a greater depression in the apparent 
isoelectric point than do phthalate or acetate solutions of the same 
ionic strength. 

Extrapolated values for the isoelectric point of 1 per cent albu- 
min, determined by cataphoresis or by minimal pH change, agree 
at pH 4.82+ 0.01. 

With 2 per cent protein the isoelectric point at 0 ionic strength 
is at pH 4.79+0.01. 

Values for the isoelectric point at the three albumin concentra- 
tions studied yield a straight line when plotted against the protein 
concentration. The intercept of this line at 0 protein concentra- 
tion gives a “‘true” isoelectric point of 4.86 + 0.01. 
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THE DETERMINATION OF CYSTINE AND CYSTEINE IN 
BUTYL ALCOHOL EXTRACTS 
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(From the Chemo-Medical Research Institute, Georgetown University, 
Washington) 


(Received for publication, October 22, 1934) 


Zahnd and Clarke (1) have reported a series of experiments 
upon the extraction of cystine and cysteine from N HC! solutions 
by butyl alcohol. According to them the greater part of the 
cystine remains in the acid layer, while a small amount passes into 
the butyl aleohol. However, they were unable to demonstrate 
the presence of cystine in the butyl alcohol by the Sullivan (2) 
method, while the Folin-Marenzi (3) method showed the same 
amount of cystine as did the determination of the total sulfur. In 
the extraction of cysteine the determination of the total sulfur 
indicated an almost equal partition of the cysteine between the 
two solvents. In this case both the Sullivan and the Folin- 
Marenzi methods showed only 50 to 55 per cent as much cysteine 
in the two solvents as the total sulfur values indicated. Zahnd 
and Clarke offer no explanation why they were unable to find the 
cystine in the butyl alcohol with the Sullivan method nor why 
both the Folin-Marenzi and the Sullivan methods showed approxi- 
mately 50 per cent loss of the cysteine. In an effort to arrive at 
some explanation of these results the experiments of Zahnd and 
Clarke have been repeated. 

In contrast to the findings of Zahnd and Clarke no difficulty 
was found in determining either cystine or cysteine in the butyl 
alcohol extract, whether the butyl aleohol was used as bought or 
redistilled. 


EXPERIMENTAL 


Cystine—60 mg. of cystine were dissolved in 25 ce. of Nn HCl. 
This solution was shaken three successive times with 100 cc. of 
butyl aleohol previously saturated with water. The acid layer 
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was diluted to 225 cc. with water and aliquots were analyzed for 
cystine by three different methods, the Sullivan, the Folin- 
Marenzi, and the Okuda (4). The butyl alcohol fractions were 
distilled in a water bath to dryness under reduced pressure, with 
the temperature of the water bath never above 80°. The dry 
residue was dissolved in 20 to 25 ce. of 0.1 N HCl and aliquots 
analyzed by the above three methods. The results are given in 
Table I. 

The Sullivan, Okuda, and Folin-Marenzi methods on both 
solvents account for 98.4, 99.4, and 101.0 per cent respectively of 
the total cystine used. There is no difficulty in finding the cystine 
in the residue from the butyl alcohol extract by the Sullivan 


TaBie | 
Extraction of Cystine from n HCI Solution by Butyl Alcohol 


Sullivan method Okuda method Folin-Marenzi method 


Experiment No. , oe 
Alcohol Acid Alcohol Acid Alcohol Acid 


mg. mg. mg. mg. mg. mg. 
4.30 53.46 4.38 54.36 4.44 55.26 
3.55 55.85 3.59 57.25 55.85 
5.07 54.95 5.22 55.14 5.28 57.15 

















4.31 54.75 4.40 55.25 56.09 
cent of 
total cystine.| 7.2 91.3 7.3 92.6 7.4 93.6 























method. Averaging the results of the three methods gave approxi- 
mately 7.3 per cent of the total cystine in the alcohol fraction and 
92.5 per cent in the acid fraction. 

Cysteine—32.5 mg. of cysteine hydrochloride, equivalent to 25 
mg. of cysteine, were dissolved in 15 ce. of N HCl. The solution 
was extracted three successive times with 100 ec. of butyl alcohol. 
The acid layer was diluted to 125 cc. with water; the butyl alcohol 
layer after evaporation to dryness under reduced pressure was dis- 
solved in 125 ce. of 0.1 N HCl. The solutions were analyzed by 
the procedures, which would estimate cysteine and not cystine. 
This can be done in the Sullivan cysteine procedure (5) and in the 
Okuda, as detailed below. 

Sullivan Method—To 5 cc. of the solution add 1.0 ce. of 0.5 
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per cent aqueous 1, 2-naphthoquinone-4-sodium sulfonate, fol- 
lowed by 5.0 ce. of the 10 per cent Na,SO; solution in 0.5 Nn NaOH 
and 1.0 cc. of 1 per cént aqueous NaCN. Let stand for 30 minutes 
and add 1.0 cc. of 2 per cent sodium hyposulfite (Na,8,O,) in 0.5 
N NaOH. Match against 5 cc. of a cysteine standard containing 
1 mg. of cysteine, similarly treated. If the solution should contain 
cystine, the presence of the 1.0 per cent NaCN during the time of 
color development has practically no reducing effect upon the 
cystine present. 

Okuda Method—The original Okuda method was used, the reduc- 
tion by zine and HC! being omitted. 

Folin-Marenzi Method—With this method it is difficult to esti- 
mate cysteine in the presence of cystine. Such a differentiation 


Taste II 
Extraction of Cysteine from N HCl Solution by Butyl Alcohol 





Sullivan method Okuda method Folin-Marenzi method 
Experiment No. 





Alcohol Acid Alcohol Acid Alcohol Acid 








1 10.96 12.32 10.89 12.98 11.11 12.75 

9.28 14.45 9.12 14.50 9.41 14.45 

3 10.33 13.88 10. 26 13.69 10.86 14.13 
Average....... 10.19 13.55 10.09 13.72 10.46 13.78 


Per cent of to- 
tal cysteine.| 40.8 54.2 40.4 54.9 41.8 55.1 























was attempted by bringing the successive additions of NaSOs, 
Na,COs, and the uric acid reagent as close together as possible. 
This is not strictly a cysteine method, since a considerable amount 
of cystine is reduced even in the extremely short time interval. 
The cysteine found by the three methods for the alcohol and acid 
layers is given in Table IT. 

The Sullivan, Okuda, and Folin-Marenzi methods, on both sol- 
vents, account for 95.0, 95.3, and 96.9 per cent, respectively, of the 
total cysteine, indicative in each case of a slight loss of cysteine. 
Averaging the results of the three methods gave 41.0 per cent of 
the total cysteine in the alcohol layer and 54.7 per cent in the acid 
layer. 
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Possible Presence of Cystine in 0.1 n HCl Solution of Butyl 
Alcohol Extract of Cysteine—In the long heating of the butyl 
alcohol extract of cysteine there is a possibility that some oxidation 
to cystine might occur. The presence of cysteine be estimated 
in the Sullivan procedure by treating the 5 cc. aliquot with 2 cc. 
of 5 per cent NaCN, waiting 10 minutes, and matching against a 
cysteine standard similarly treated. This gives total cystine plus 
cysteine. Subtracting from this amount the cysteine previously 
determined and multiplying the result by 4/3 gives the cystine 
present, as shown by Hess (6) with mixtures of cysteine and 
cystine. 

The amount of cystine present is small. The average of the 
three experiments shown in Table II is increased in the Sullivan 
method from 10.19 to 10.27 mg. and in the Okuda method from 
10.09 to 10.52 mg. The two methods, then, account for 95.3 per 
cent and 97.0 per cent respectively of the total amount of cyst- 
eine used. 

Extraction of Cystine and Cysteine from Butyl Alcohol by Alkali— 
The recovery of cystine and cysteine from the butyl alcohol ex- 
tract, by distilling to dryness under reduced pressure, is time-con- 
suming and, especially in reference to the cysteine, is a possible 
source of error owing to destruction. When the Sullivan method 
was used in the distillation procedure, 98.4 per cent of the cystine 
could be accounted for and only 95.3 per cent of the cysteine. A 
more rapid and efficient method of removing the cystine and 
cysteine is to extract the alcohol fraction with 0.1 N NaOH. Thus 
a 100 ce. portion of the alcohol fraction from Experiment 3, Table 
I, was extracted with 15 ce. of 0.1N NaOH. Thissolution analyzed 
by the Sullivan method indicated 5.12 mg. of cystine in the entire 
alcohol extract. The distillation procedure upon the same 
alcohol extract gave 5.07 mg. in the entire extract. While the 
two methods gave practically identical figures for the amount of 
cystine in the butyl alcohol fraction, the alkali extraction is a far 
more rapid method than the distillation. In the case of cysteine 
there were found in the alcohol layer from Experiment 3, Table II, 
by extraction with 0.1 n NaOH, 11.11, 11.12, and 11.10 mg. by the 
Sullivan, Okuda, and Folin-Marenzi methods. This represents 
an increase from 96.8, 95.8, and 99.96 per cent respectively to 99.96, 
99.2, and 101.0 percent. The difference between the alkali extrac- 
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tion of the butyl alcohol fraction and the distillation procedure 
indicates a slight destruction of cysteine in the latter. 


SUMMARY 


1. Extraction of cystine from N HCl solution by butyl alcohol 
yields an alcohol layer containing 7.3 per cent of the total cystine 
and an acid layer containing 92.5 per cent of the total cystine. The 
Sullivan, Okuda, and Folin-Marenzi methods on both solvents 
account for 98.40, 99.19, and 101.00 per cent, respectively, of the 
total cystine used. 

2. Extraction of cysteine from N HCl solution by butyl alcohol 
yields an alcohol layer containing 40.8 per cent of the total 
cysteine and 54.2 per cent in the acid layer. The Sullivan, Okuda, 
and Folin-Marenzi methods on both solvents account for 95.0, 
95.3, and 96.9 per cent, respectively, of the cysteine used. 

3. Both cystine and cysteine can be extracted quantitatively 
from butyl alcohol by 0.1 n NaOH. 

4. Cystine and cysteine can be determined quantitatively by 
the Sullivan method in experiments involving extraction with 
butyl alcohol.! 
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1 With the use of purified butyl alcohol, Dr. Hans T. Clarke (personal 
communication) confirms the findings of Hess and Sullivan that cystine and 
cysteine can be determined quantitatively by the Sullivan method in 
experiments involving extraction with butyl alcohol and suggests that the 
effect reported by Zahnd and Clarke might have been due to the presence 
of aldehydes in the butyl alcohol. 








LIVER LIPIDS IN COMPLETELY DEPANCREATIZED DOGS 
MAINTAINED WITH INSULIN* 
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(Received for publication, October 9, 1934) 


It was found in this laboratory that a profound change took place 
in the blood lipids in the postabsorptive state of completely de- 
pancreatized dogs that had been kept alive for long periods of time 
by means of insulin (1). Not only were all lipid constituents 
reduced in amount as compared with those of normal dogs fed a 
similar diet, but in addition a complete absence of one of these 
constituents, namely esterified cholesterol, was observed in their 
blood. The most marked disturbance occurred in the cholesterol, 
a disturbance that is apparently characteristic of the completely 
depancreatized dog maintained with insulin and a diet consisting 
of meat, sucrose, bone ash, and the necessary vitamins, for choles- 
terol esters entirely disappear from the blood during the post- 
absorptive state if these dogs are kept alive long enough. This 
indicates, so far as the totally depancreatized dog is concerned, 
that insulin in itself cannot serve as a complete replacement 
therapy. In considering the possible causes for this disturbance 
in blood lipids, attention was directed to various factors, among 
others the liver, an organ that is associated with the metabolism 
of fatty acids, phospholipids, and cholesterol. In order to cor- 
relate the lipid changes in blood with those in the liver, it 
seemed desirable to investigate the distribution of the various 
lipid constituents—in particular, free and esterified cholesterol— 


* The expense of this investigation was defrayed in part by grants from 
the Christine Breon Fund for Medical Research of the University of Cali- 
fornia Medical School, San Francisco, and from the Research Board of the 
University of California, Berkeley. The insulin was generously donated 
by Eli Lilly and Company. 
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in the livers of depancreatized dogs that had been maintained 
under the conditions in which the anomalous state of the blood 
lipids had been produced. Although fatty livers have repeatedly 
been observed in depancreatized dogs kept alive with insulin (2, 3), 
none of these investigations has dealt with constituents other 
than fatty acids. 


EXPERIMENTAL 


Completely Depancreatized Dogs—The preparation and care of 
these animals have been previously described (1). The dogs 
recorded in this investigation were maintained by means of insulin 
for varying periods following complete removal of the pancreas. 
They were fed and injected with insulin twice daily, approximately 
at 8.00 a.m. and 4.00 p.m. They have been grouped according 
to two factors: (1) the period of maintenance with insulin follow- 
ing pancreatectomy, and (2) the period of absence of food and 
insulin. 

In one group (Table I) the dogs were maintained in good nutri- 
tional condition for 9 to 34 weeks prior to removal of the liver. 
Since this study was designed, in part, to investigate the liver 
lipids of dogs under conditions in which the ester cholesterol had 
disappeared from the blood, these dogs recorded in Table I were 
examined for this constituent several days before removal of the 
liver (to insure its absence from the blood), and the absence of ester 
again confirmed in blood removed immediately before excision 
of this organ. The livers of these animals were removed between 
8.00 and 9.00 a.m. under anesthesia, which was induced by the 
intraperitoneal injection of sodium amytal in doses of 50 mg. per 
kilo of body weight. Prior to this, the dogs had received their 
last injection of insulin and their last meal at 4.00 p.m. of the 
previous day. Thus the livers of these animals were removed 16 
hours after the last administration of food and insulin; the nutri- 
tional state at the end of the 16 hours is referred to as postab- 
sorptive, as in a previous paper (1). 

The second group of depancreatized dogs was kept alive between 
1.5 and 3.1 years and their livers were obtained within 3 hours 
after death had vecurred. 

The animals in the third group were kept alive with insulin after 
pancreatectomy for periods varying from 4 to 14 weeks. During 
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this time the animals were in excellent condition, immediately 
ingesting all food served. Before removal of the liver, however, 
these dogs received no food or insulin for periods varying from 
1 to 7 days. The livers were excised under amytal anesthesia in 
a manner similar to that described for the animals in Table I. 

In all depancreatized dogs recorded in this study the complete 
absence of pancreatic tissue was confirmed by postmortem ex- 
amination of the region of the duodenum. 

Normal Dogs—Four such animals are recorded in Table I. 
Their dietary treatment throughout their period of stay in the 
laboratory, which varied from 4 to 30 weeks, was similar to that 
of the depancreatized dogs. 

Sampling of Liver—The entire liver was removed from the ab- 
dominal cavity and then dissected free of diaphragmatic and other 
adhering tissue. The gallbladder was carefully removed and the 
liver was weighed and ground in a meat chopper after its surface 
was wiped free of blood. The grinding was repeated three times 
to insure thorough mixing. Portions of approximately 15 gm. 
and 35 gm. were placed directly into wide-mouthed glass-stop- 
pered bottles, containing 50 cc. of 95 per cent alcohol, and weighed. 

Saponification and extraction of lipids from the liver were begun 
shortly after the samples were taken, but when this was not feasible 
the tissues were stored at — 18° until removed for analyses. 

Quantitative Extraction of Lipids from Liver—A 35 gm. portion 
was transferred quantitatively with 200 cc. of 95 per cent ethyl 
alcohol to a wide-mouthed flask and refluxed for 2 hours at approxi- 
mately 55°. The solvent was then decanted through a fat-free 
filter paper and the liver residue again extracted by refluxing for 
1 hour with a fresh portion of 150 ec. of 95 per cent ethyl alcohol. 
The solvent was then filtered and the residue transferred quantita- 
tively to the filter paper by means of aleohol. The entire residue, 
completely enclosed by the filter paper, was placed in a Soxhlet 
apparatus and extracted for 12 hours with 300 ce. of ethyl ether at 
55°. The combined alcoholic and ether extracts were concen- 
trated under reduced pressure at 55° to a volume of approximately 
15 cc. In the final stage of the concentration a small stream of 
carbon dioxide was permitted to play upon the surface of the 
liquid. After the concentrate had been brought to room tem- 
perature, the lipids therein were completely extracted with five 
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portions of petroleum ether and made up to a final volume of 250 
ec. Aliquot portions of this extract were removed for the deter- 
mination of total lipid, free cholesterol, and phospholipid. 

Total Lipids—These were determined by weighing the residue of 
an aliquot portion of the petroleum ether extract that had been 
evaporated to dryness. The details of this procedure have been 
described elsewhere (4). 

Phospholipids—Bloor’s micromethod (5) was employed on suit- 
able aliquots of the petroleum ether extract, while the modifica- 
tions previously mentioned by us in connection with blood (1) 
were retained. 

Free Cholesterol—Measured quantities of the petroleum ether 
extract were transferred to 125 cc. glass-stoppered Erlenmeyer 
flasks. The solvent was evaporated and the lipids redissolved in 
10 ec. of 95 per cent alcohol. 1 cc. of 0.8 per cent digitonin in 50 
per cent alcohol was added and thereafter the digitonin method of 
Okey (6) was followed, with the modifications previously de- 
scribed for blood (1). 

Dry Defatted Liver—The residue still enclosed in its filter 
paper was removed from the Soxhlet apparatus and allowed to dry 
overnight at room temperature. The dried defatted liver in 
powder form was then quantitatively transferred to a tared flask 
and the last traces of solvent removed in a vacuum desiccator at a 
temperature of 40°. The flask and its contents were then weighed 
again. 

Water in Liver—The amount of water in the liver was calculated 
as the difference in the weights of the wet tissue and the total 
solids (total lipid plus dry defatted tissue). 

Saponification of Liver and Its Quantitative Extraction for Total 
Fatty Acids—A 15 gm. portion of hashed liver was transferred 
quantitatively to a flask and alcohol then added to make the total 
volume of solvent 100 ce. 10 gm. of potassium hydroxide pellets 
were added and the mixture refluxed for 4 hours on a steam bath. 
Following the 4 hour period of saponification, about 20 cc. of the 
alcohol were permitted to evaporate. The mixture was then trans- 
ferred quantitatively to a separatory funnel, sufficient water 
being used in this transfer to decrease the alcoholic concentration 
to 25 per cent. The non-saponifiable fraction was now extracted 
with four portions of ethyl ether. Any soaps that may have dis- 
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solved in the ether were removed by extracting the latter three 
times with 15 ec. portions of water. These water washings were 
then returned to the alkaline mixture containing the saponified 
matter. The ether extract containing the non-saponifiable portion 
was made up to a volume of 100 cc.; this extract was used in the 
determination of total cholesterol, as described below. The 
alkaline mixture was acidified with approximately 6 N hydro- 
chloric acid and the fatty acids extracted with five portions of 
petroleum ether. Sodium chloride crystals were sprinkled on the 
surface of the mixture when emulsions formed, a small amount 
being usually sufficient to break them. The petroleum ether 
extract of fatty acids was then made up to a volume of 100 cc., 
mixed, and allowed to stand overnight. 

A measured portion of this extract was employed for the de- 
termination of total fatty acids. The extract was transferred to 
a tared flask, dried, and weighed after the manner described for 
total lipids above. 

Total Cholesterol—T otal cholesterol was determined in the ether 
extract containing the non-saponifiable fraction of the liver lipids. 
By this means the presence of large amounts of lipids other than 
cholesterol is avoided. A suitable amount of the ether extract 
was transferred to an oxidation flask and the solvent evaporated. 
The residue was redissolved in 4 ec. of 95 per cent ethyl alcohol. 
The cholesterol was precipitated with digitonin after the manner 
employed for free cholesterol. The remainder of the process was 
the same as that for free cholesterol except that the ether-acetone 
washing was omitted because of the low concentration of lipids 
in the extract. 

The above procedure was adopted for all livers except those of 
Dogs K, D-F, and D-G, since in the livers of these three no fatty 
acid determinations were made. In these the microsaponification 
as described for blood (1) was adopted, but with larger amounts 
of sodium ethylate because of the great quantities of lipids present. 

Ester Cholesterol—Ester cholesterol was calculated as the differ- 
ence between total and free cholesterol. 

Residual Fatty Acids—The fatty acids other than those in com- 
bination with phospholipids and cholesterol were calculated in the 
manner previously described (1). This portion is derived chiefly 
from triglycerides (neutral fat). 
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Iodine Numbers—Portions of extracts were evaporated to dry- 
ness and the residue weighed in the manner described above for 
total lipid. The iodine numbers were determined by the method 
of Hanus (7). 

Blood Lipids—The methods employed have been previously 
described (1). 

Since ethyl ether and petroleum ether have relatively high co- 
efficients of expansion, extracts were always made up to volume 
at 20° and brought back to this temperature when aliquots were 
removed for analyses. All solvents employed in this investigation 
were freshly distilled before use and purified by the methods pre- 
viously described (1). 

Throughout the various procedures, both solvents and extracts 
came into contact only with glass. All apparatus, including 
joints, used in the analytical procedures and in the purification of 
solvents was constructed entirely of glass. 

The values reported for liver are the averages of closely agreeing 
results obtained on two separate portions of liver, on each of which 
triplicate or duplicate analyses were made. 


Results 
Normal Dogs 


The lipids found in the livers of four normal dogs in the post- 
absorptive state are shown in Table I. This organ, constituting 
from 1.9 to 2.8 per cent of the body weights, showed a remarkable 
constancy in its water content, the maximum and minimum values 
being respectively 69.8 and 68.7 per cent of the wet weights. The 
total lipid content varied from 2.94 to 3.41 per cent, while the maxi- 
mum and minimum values for total fatty acids were 2.34 and 1.78 
per cent respectively. Phospholipids fluctuated between 1.74 and 
2.20 per cent. Total and free cholesterol showed the least varia- 
tion of all lipids studied. Thus the values for total cholesterol lay 
between 0.23 and 0.25 per cent of the wet weights of the livers, 
whereas the uncombined or free portion of cholesterol consisted 
of 0.19 for the highest and 0.18 per cent for the lowest. The 
uncombined or esterified portion of cholesterol fluctuated from 
0.04 to 0.07 per cent of the wet weight; 7.e., 17 to 28 per cent 
of the total cholesterol. In the blood of these animals, cholesterol 
esters were present to the extent of 18 to 28 per cent of the total 
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cholesterol, a value that is within the range previously reported 
by us (1) for normal dogs. 


Depancreatized Dogs 


Liver Lipids of Completely Depancreatized Dogs in Postabsorptive 
State, Sustained with Insulin between 9 and 34 Weeks—These results 


Taste II 


Summary of Liver Lipids of Normal and Completely Depancreatizsed Dogs in 
Postabsorptive State* 
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are presented in Table I, while the summarized results of the liver 
lipids of both normal and depancreatized dogs in the postabsorp- 
tive state are contained in Table II. The livers of these animals 
showed a considerable increase in size when compared with those 
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of normal dogs (Table I). Thus, in the normal dogs, which varied 
in weight from 10.8 to 14.3 kilos, the livers weighed between 250 
and 300 gm., that is, from 1.9 to 2.8 per cent of the total body 
weights, whereas in completely depancreatized dogs weighing be- 
tween 7.0 and 9.7 kilos the livers weighed between 565 and 770 
gm., that is, from 7.2 to 10.8 per cent of the body weights. This 
percentage increase in the case of the depancreatized dogs cannot 
be ascribed to a loss in body weight following pancreatectomy, 
for, although the change from the normal to the depancreatized 
state under insulin rarely involved a greater loss in body weight 
than 15 per cent, the weights of the livers more than doubled after 
pancreatectomy. 

The values obtained for the various lipid constituents of the liver 
of the depancreatized dogs were markedly different from those 
observed in normal animals. Total lipids constituted from 29.7 to 
45.7 per cent of the wet weights of the livers, a striking increase 
over the highest value found in the normal dogs, which was 3.4 
per cent. Fatty acids constituted between 89 and 95 per cent of 
the total lipids. Phospholipids, which in the normal dogs’ livers 
made up from 59 to 65 per cent of the total lipids, constituted but a 
small fraction of the total liver lipids of the depancreatized dogs. 
The highest value obtained was 3.5, and the lowest 2.2 per cent. 
The percentage of phospholipids in the liver remained remarkably 
constant in the four dogs, the maximum and minimum values 
being respectively 1.08 and 1.02 per cent of its wet weight. 

A considerable increase in the total cholesterol content of the 
liver was found in the depancreatized dogs. This constituent was 
present to the extent of 0.31 to 0.94 per cent of the wet weights of 
the livers, as compared with 0.25 per cent, the maximum value 
found in the normal dogs. The increased percentage is all the 
more significant since the livers of depancreatized dogs are much 
larger than normal. Thus the livers of Dogs D-K, D-N, D-M, 
and D-H, contained respectively 2.3, 2.4, 3.9, and 6.5 gm. of total 
cholesterol, whereas the livers of the normal dogs contained be- 
tween 0.58 and 0.75 gm. of total cholesterol. Cholesterol esters 
comprised between 1.1 and 5.7 gm. of the cholesterol found in the 
livers of the depancreatized dogs; 7.e., from 45 to 88 per cent of the 
total cholesterol. 

The residual fatty acids (fatty acids other than those combined 
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with phospholipids and cholesterol) are of significance in the 
depancreatized dogs, inasmuch as the ratios of residual fatty acids 
to total fatty acids in the livers of these animals were between 
0.96 and 0.98, which indicates that nearly all of the fatty acids 
that had been deposited in their livers were in the form of tri- 
glycerides. 

The ratios of phospholipid to free cholesterol, which in the nor- 
mal dogs lay between 11.6 and 9.2, were between 10.3 and 6.0 in 
those depancreatized. The ratios of phospholipid to total choles- 
terol were much lower in the depancreatized dogs than in the 
normal. 

Liver Lipids of Completely Depancreatized Dogs Deprived of Food 
and Insulin for 1 to 7 Days—For periods varying from 4 to 14 weeks 
following pancreatectomy, four dogs were kept alive in good nutri- 
tional state by means of food and insulin prior to the beginning of 
the short interval in which they were deprived of both food and 
insulin. One animal (Dog D-1) received neither food nor insulin 
for 1 day, and its liver contained 20.9 per cent of total lipids and 
0.27 per cent of total cholesterol, 63 per cent of which latter was 
in the form of the ester. Two dogs (Dogs D-2, D-4) were without 
food and insulin for 4 days and their livers contained respectively 
48.6 and 46.0 per cent of total lipids and 0.41 and 0.40 per cent of 
total cholesterol; 76 and 68 per cent of the latter were esterified. 
The fourth dog received no food or insulin for 7 days and its liver 
contained 32.3 per cent of total lipids and 0.25 per cent of total 
cholesterol of which 40 per cent was esterified. As previously 
noted, in the postabsorptive state fatty acids constituted by far 
the major portion of the total lipids found in the livers of 
fasted dogs. The iodine numbers of the total fatty acids varied 
from 68.1 to 71.3 in the four livers. 

Although the total cholesterol, in proportion to the wet weight 
of the liver, was well above normal in two of the fasted dogs, the 
other two showed values close to normal. Since, however, the 
livers of all four dogs were much enlarged, the total quantity of 
cholesterol even in the livers of the latter two was decidedly greater 
than normal. It is again interesting to note that between 40 and 
76 per cent of the total cholesterol was in the esterified form, a 
range that is comparable with that observed in the livers of depan- 
creatized dogs in the postabsorptive state. 
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Liver Lipids of Completely Depancreatized Dogs Maintained with 
Insulin between 1.5 and 3.1 Years—Dog K, male, weight 6.5 kilos, 
had been depancreatized for 2.7 years before removal of the liver. 
For a short interval prior to death this animal showed the gradual 
loss in weight and appetite that accompanies the terminal stages 
in such animals. This dog refused food for 3 days before death 
but received its last injection of insulin 6 hours before removal of 
the liver, which was obtained 2 hours after death occurred. The 
liver contained 33.8 per cent of total lipids and 0.60 per cent of total 
cholesterol; 65 per cent of the latter was esterified. 

Dog D-F, female, weight 9.4 kilos, had been depancreatized 3.1 
years prior to removal of the liver and was in excellent nutritional 
state at the time of death, which occurred from an accidental 
hemorrhage. The liver, which was obtained immediately after 
death, contained 20.4 per cent of total lipids and 0.46 per cent of 
total cholesterol; 57 per cent of the cholesterol was esterified. The 
blood of this dog, examined 5 months before its death, contained 
no ester cholesterol (1). 

Dog D-G, female, weight 6.7 kilos, had been depancreatized for 
1.5 years prior to removal of its liver. This animal died in ter- 
minal stages, having refused food for the last 4 days of its life. It 
received its last injection of insulin 48 hours before death. The 
liver contained 29.2 per cent of total lipids and 0.44 per cent of 
total cholesterol, 57 per cent of which was esterified. The blood 
of this dog, examined 2 months before death, contained no cho- 
lesterol esters (1). 

In view of the disappearance of cholesterol esters from the blood 
of completely depancreatized dogs kept alive with insulin and the 
above diet, it seemed of interest to consider the possibility that 
cholesterol esters were being swept out of the body and that the 
liver was serving as the last depository for them. Such a hy- 
pothesis, however, is proved untenable, since the livers of these 
animals contained high percentages of cholesterol esters. 

In the case of all the depancreatized dogs recorded, several 
sections from the different lobes of the liver were removed for his- 
tological examination.' The cells were abnormal in appearance, 

1 We are indebted to Dr. C. L. Connor of the Division of Pathology of 


the University of California Medical School for the histological examination 
of the tissues. 
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the cytoplasm being almost completely replaced by fat. In addi- 
tion, groups of cells showed fatty degeneration. 


DISCUSSION 


In contrast to the blood, which in the postabsorptive state was 
below normal in its lipid content, the livers of completely depan- 
creatized dogs maintained with insulin and a diet consisting of 
meat, sucrose, bone ash, and the necessary vitamins, contained a 
very high percentage of total lipids. In the postabsorptive state 
the total lipids rose as high as 45.7 per cent of the wet weight of 
the liver, approximately 14 times the maximum amount found in 
the livers of normal dogs receiving a similar diet. Since, however, 
a marked increase had also occurred in the size of the livers of the 
completely depancreatized dogs, the actual gain in liver lipids can 
best be gaged by a comparison between the amounts actually 
present in the livers of the normal and of the depancreatized ani- 
mals. Thus the maximum amount of liver lipids of normal dogs 
in the postabsorptive state was found to be 10.1 gm. in a dog 
weighing 10.8 kilos, whereas in a completely depancreatized dog 
weighing 7.1 kilos the liver in the postabsorptive state contained 
352 gm. of total lipids, an amount which is indeed surprising in 
view of the lowered lipid content of the blood. In the postabsorp- 
tive state the lipid metabolism of blood and liver seems related 
inversely in the depancreatized dog, a decrease having occurred in 
the former tissue at the same time that an enormous piling up had 
taken place on the latter. An increased lipid content in the liver 
was apparently always present in the dog that had been maintained 
after pancreatectomy with insulin and the above diet. 

It can be readily seen that the enlargement of the livers, which is 
a characteristic finding in depancreatized dogs maintained under 
the conditions of this experiment, can, in major part, be accounted 
for by the accumulation of lipids. But another contributing factor 
is water, for despite the lowered content per gm. of wet tissue as 
compared with the normal the total amount of water present in 
the whole liver was markedly increased. Thus in the four normal 
dogs the total amount of water present in the livers in the post- 
absorptive state varied between 172 and 210 gm., whereas in the 
depancreatized dogs (Table I), though they weighed less than the 
normal animals, the livers contained between 290 and 358 gm. 
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The various lipid constituents did not share equally in the mas- 
sive deposition of the total lipids in the livers of the depancreatized 
dogs. With respect to the amount, it was found that residual fatty 
acids, cholesterol, and phospholipids were present in descending 
order of magnitude. 

Cholesterol—In view of the absence of cholesterol esters in the 
blood of the depancreatized animals in the postabsorptive state, 
it is a striking fact that an increased content of total and ester 
cholesterol is present in their livers. This is characteristic of the 
depancreatized dog maintained with insulin and the diet described 
above, for it was found in these animals no matter whether they 
had lived 4 weeks or 3.1 years after pancreatectomy, whether 
insulin and food had been withheld for 16 hours or 7 days, and 
whether the animal was in excellent nutritional condition or had 
died in the terminal stages. Despite this gain in the cholesterol 
content of the liver, both in absolute amount and in proportion to 
the wet weight of the tissue, it constituted but a small fraction, 
namely between 0.68 and 2.4 per cent, of the total liver lipids—a 
fraction decidedly lower than the values observed in the normal 
dogs. 

Phospholipids—The major fraction (59 to 65 per cent) of the 
total lipids found in the normal livers was phospholipid, whereas 
in the depancreatized dog this was present only to the extent of 2.2 
to 3.5 percent. Although the livers of the depancreatized animals 
showed a lower phospholipid content per gm. of tissue than those 
of the normal dogs, nevertheless the amount of phospholipid pres- 
ent in the whole liver was somewhat greater than normal. Thus 
the normal dogs had in their livers between 4.4 and 6.3 gm. of 
phospholipids, while the depancreatized dogs examined in the 
postabsorptive state (Table I) contained between 5.8 and 7.9 
gm. The fact that as much as 352 gm. of total lipids can accu- 
mulate in a liver weighing 770 gm. (which represents about a 
35-fold increase in the whole liver above the normal) without at the 
same time affecting to any significant degree the phospholipid 
content of the liver does not lend support to the view that the 
phospholipids are substances actively engaged in intermediary 
lipid metabolism. 

Residual Fatty Acids—Neither phospholipid nor cholesterol 
accounts to any appreciable extent for the lipids deposited in the 
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livers of the depancreatized dogs. Approximately 97 per cent of 
liver total fatty acids was residual fatty acids, or, in other words, 
was in the form of triglycerides. In the normal dog it was ob- 
served that 33 to 40 per cent of the total fatty acids was in the 
form of triglycerides. 

As judged by the iodine numbers, the liver fatty acids were of a 
higher degree of desaturation in the normal than in the depan- 
creatized dog. Thus in two normal livers the iodine numbers 
found were 131 and 136, whereas in the depancreatized dogs the 
four values for the liver fatty acids were between 68.1 and 71.3. 
But the relatively low degree of desaturation of the liver fatty 
acids in the depancreatized dog is to be expected in view of the low 
proportion of the total fatty acids in the form of phospholipids, the 
constituent chiefly responsible for the high degree of desaturation 
of normal livers (8). 

The peculiar paradox in the lipid metabolism of the depancrea- 
tized dog in which a tissue, like the liver, can contain as much as 
14 times the normal concentration of total lipids at the same time 
that a subnormal amount of lipids is present in the blood requires 
further mention. At first sight it renders more difficult the inter- 
pretation of the lowered lipid level in the blood of these animals. 
It seems unlikely that impaired absorption resulting from the lack 
of pancreatic enzymes in the intestine can explain the absence of 
esterified cholesterol from the blood when many times the normal 
amount of cholesterol esters has been deposited in the liver of the 
same animal. Nor does it seem probable that a 32 per cent drop 
in the total fatty acid content of the blood of the depancreatized 
dog can be caused by faulty absorption of fat when a 3500 per cent 
increase of this same constituent occurred in the liver. Neverthe- 
less, in the absence of direct evidence, the question of absorption of 
fats cannot be entirely dismissed. In this connection it is interest- 
ing to note that a moderate degree of lipid absorption may occur 
in the completely depancreatized dog (9, 10). McClure, Vincent, 
and Pratt (9) found that between 18 and 45 per cent of the adminis- 
tered fat was absorbed, whereas in a more recent publication, 
Handelsman, Golden, and Pratt (11) observed the absorption of 
even higher amounts of fat in dogs deprived of pancreatic juice. 

Although the mechanism whereby these livers accumulate enor- 
mous quantities of lipids is not clear at present, an increased rate 
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of transport of lipids to the liver can be ruled out in view of the 
lowered lipid content of the blood. There is no evidence for believ- 
ing in an increased rate of transformation of non-fat precursors to 
fat within this organ. It would seem, therefore, that the rate at 
which the liver removes lipids from the blood has greatly increased, 
or that an impairment has occurred in the normal utilization of 
lipids. 
SUMMARY 


1. Although in the postabsorptive state, the total lipid content 
of the blood was below normal, enormous amounts of lipids were 
nevertheless found in the livers of completely depancreatized dogs 
that had been maintained with insulin and a diet consisting of meat, 
sucrose, bone ash, and the necessary vitamins. Total lipids were 
present to the extent of 29.7 to 45.7 per cent of the wet weight of 
the liver. Depancreatized dogs weighing between 7.1 and 9.7 
kilos contained in their livers between 168 and 352 gm. of total 
lipids as compared with 10 gm. found in normal dogs weighing 
between 10.8 and 14.3 kilos. 

2. Phospholipids took practically no part in the lipid accumula- 
tion in these livers. Between 2.2 and 3.5 per cent of the total 
lipids found in the livers of depancreatized dogs was phospholipid, 
a constituent that in the normal dogs accounted for 59 to 65 per 
cent of the total lipids. A small increase over normal in the total 
amount present in the whole liver did occur in the depancreatized 
animal, in spite of which, however, the concentration of phos- 
pholipids per gm. of wet tissue was below normal. 

3. Despite the lower cholesterol content in the blood of depan- 
creatized dogs in the postabsorptive state, their livers contained 
increased amounts of total cholesterol. Normal dogs weighing 
10.8 to 14.3 kilos contained in their livers less than 1 gm. of total 
cholesterol, whereas depancreatized dogs, weighing 7.1 to 9.7 
kilos, contained between 2.3 and 6.5 gm. 

In the normal dogs the major portion of the total cholesterol, 
namely 17 to 28 per cent, was esterified. This relation of free to 
combined cholesterol was not maintained in the liver lipids of 
depancreatized dogs. Between 45 and 88 per cent of the total 
cholesterol in the livers of the latter was in the esterified form. 

In the postabsorptive state cholesterol esters in the livers rose from 
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a mazimum value of 0.18 gm. in the normal dogs to a maximum of 5.7 
gm. in those depancreatized, at the same time that in the latter this 
constituent completely disappeared from the blood. 

4. Phospholipids and cholesterol account for but a small fraction 
(less than 6 per cent) of the total lipids that accumulated in the 
livers of the depancreatized dogs. 97 per cent of the total fatty 
acids were in combination with lipid constituents other than 
phospholipids and cholesterol. Triglycerides (neutral fat) thus 
make up by far the greater part of the enormous quantity of total 
lipids found in these livers. 

5. These changes in the lipid metabolism of the liver are char- 
acteristic of depancreatized dogs maintained under the conditions 
of this investigation. They were found (1) in the postabsorptive 
state, (2) when food and insulin were withheld for 1 to 7 days, (3) 
whether the dogs had been kept alive for 4 weeks or 3.1 years after 
pancreatectomy, and (4) in terminal stages. 

6. The livers of depancreatized dogs were markedly increased 
in size, occupying between 7.2 and 10.8 per cent of the body 
weights as compared with 1.9 to 2.8 per cent in normal animals. 
This increase was in large part accounted for by the accumulation 
of lipids and water. 
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The absence of an increase in sugar excretion in the diabetic 
animal during exercise was cited by Lusk (1) as a major argument 
against the conversion of fat to carbohydrate. In the earlier 
experiments of Seo (2), Lusk (3), Allen and Wishart (4), and Loe- 
bel, Barr, Tolstoi, and Himwich (5) little attention was given to 
the period of recovery after work. That some important changes 
in carbohydrate metabolism might take place at this time was 
indicated in the control experiments of our recent studies on the 
respiratory metabolism (6) and on the glucose-lactic acid cycle (7) 
during recovery. In the normal dog an excess nitrogen excretion 
during and after exercise for the first few days of fasting had been 
noted previously (8). The nitrogen was thought to be associated 
with stored carbohydrate, since the ingestion of sugar prevented 
its appearance. Similar effects were found with insulin (9). 
Therefore it seemed of value to determine in short periods the 
dextrose and nitrogen excretion during muscular effort and re- 
covery in the diabetic dog in which the carbohydrate reserves are 
diminished and mobilized glucose can be measured by excretion. 


Methods 


Mongrel female dogs were trained to run on a horizontal tread- 
mill, motor-driven at approximately 4 miles per hour. The glyco- 
gen stores in the body were reduced by fasting and treadmill exer- 
cise for 2 or 3 days prior to the pancreatectomy and no food was 
given throughout the course of the experiments. The pancreas 
was completely removed in one operation under amytal anesthesia. 
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The diabetic animals became fatigued more quickly than the nor- 
mals and for this reason the exercise periods were shorter, varying 
between 30 and 60 minutes of intermittent running. The total 
work ranged between approximately 10,000 and 38,000 kilogram- 
meters as compared with 40,000 to 100,000 per day before the 
operation. Comparative figures for Dogs 8 and 9 are given 
in Table II. 

Urine was collected by catheter for one or two pre-work control 
periods, for the period of exercise, and for several post-work inter- 
vals. Blood was taken from the heart or from a superficial leg 
vein, as shown in Table IJ; 7.e., within a minute or two after 30 
minutes and again after 60 minutes of exercise and thereafter at 
hourly intervals. The methods of analyses were those previously 
used (6). 


EXPERIMENTAL 


It was evident from the first experiments that work could be 
accomplished with little or no increase in sugar excretion, although 
after the exercise a very definite outpouring of extra glucose oc- 
curred (Dogs 96 and 63, Table I). On the 4th postoperative day 


the sugar output of Dog 96 was almost doubled during the 2 hours 
immediately after running and the D:N ratio was raised to 4.41 
from a basal level of 2.90. A similar effect was found in Dog 63 
on the 3rd day of diabetes. On the 4th day observations were 
extended to 6 hours of recovery. From the pre-work value of 2.97 
the D:N ratio was elevated to 3.21 and 3.44 for the first 4 hours 
after work and then fell to 2.55 for the next 2 hours. This sug- 
gested a compensatory retention in the body of glucose which had 
been derived from catabolized protein, since the D:N ratio for 
the total 24 hour period of exercise and recovery was 2.93, quite in 
agreement with the basal level of 2.97. 

In the succeeding experiments, therefore, more extended obser- 
vations were made in the recovery period. A greater retention 
of glucose was encountered. In Dog 9 the D:N ratio diminished 
to 1.50 in the post-work Period 3, and then returned to the basal 
level on the following day. The most pronounced results were 
obtained from Dog 79. An increase in sugar excretion of about 
1 gm. per hour occurred during the first 2 post-work hours. This 
was followed by a fall in rate to a minimum of 273 gm. per hour in 





Chambers, Himwich, and Kennard 219 


Period 3 when the D:N ratio reached the low value of 1.04. In 
the next 2 hours a doubling of the glucose output brought the D: N 
ratio back to 1.96. 

The unusual feature of the experiment on Dog A-11 was the 
delay in extra sugar output until the 3rd and 4th hours after exer- 
cise. The compensatory retention also may have been delayed, 
since the average urinary glucose for the 11 hour night period was 


TaBLe I 
Effect of Treadmill Exercise on Dextrose and Nitrogen Excretion 
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* Urine lost while running. 


about 0.3 gm. per hour lower than the constant excretion of the 
following day. 

Table II presents blood glucose and lactate changes in four of 
the depancreatized dogs and the control experiments before opera- 
tion on two of them with a comparable fast of 3 to 6 days. During 
or immediately after work there was practically the same increase 
in blood lactates with or without the presence of the pancreas, 
although several times the amount of work was accomplished in 
the experiments prior to the operation. The post-work figures for 





220 Glucose after Exercise in Diabetes 


Dogs 9 and 79 indicate a slower return to the basal level in the 
absence of the gland. The finding of recovery values below the 
pre-work concentration in the case of the normal, fasting animals 
is in agreement with Jahn’s figures (10) and suggests that the 
process of resynthesis of lactic acid to glucose may exceed tem- 
porarily the needs of the organism. 

Treadmill exercise had no appreciable effect on the blood glucose 
concentration before pancreatectomy. After the operation the 
blood sugar exhibited a greater tendency to fluctuate, but in most 


TaBLe II 


Blood Glucose (G.) and Lactate (L.) in Mg. Per Cent during Work and 
Recovery 
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of the experiments there was some elevation of the level during 
or after the work. 

Similar cycles of high and low glucose excretion were found on 
injecting epinephrine into two fasting depancreatized dogs. The 
data from one of the animals are shown in Table III; those from 
the other were essentially the same. Dog 11 fasted for 3 days 
before pancreatectomy; thus the D:N ratios of the first 2 post- 
operative days show little extra sugar. Epinephrine then was 
injected intravenously at the beginning of the periods noted in 
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Table III. For the first 5 days the “extra” sugar on the basis of a 
D:N ratio of 2.80 amounted to a total of 39.4gm. On the 5th day 
1 mg. of epinephrine had but a slight effect on the glycosuria, 


Taste III 
Epinephrine in Depancreatized Dog 
Dog 11, weight 15 kilos. ° 





Urine 
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* The blood sugar was 277 mg. per cent 3 hours after the epinephrine 
injection. 


whereas 3 mg. given in two doses practically doubled the sugar 
output. This reaction was followed by a reduction in glycosuria 
which lowered the D:N ratio to 2.42. Additional glucose was 
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forced out by 2 mg. injections until on the 9th day the average 
excretion for 18 hours was 826 mg. per hour with a ratio of 2.82. 
After 5 mg. of epinephrine the urinary glucose was doubled for 6 
hours and then diminished to 272 mg. the next day. Similar 
results were obtained with another 5 mg. injection on the 11th day. 
On the 14th day the dog was in good condition, weighed 10.8 kilos, 
and was used for a tissue analysis experiment. Between the 5th 
and 14th days the total glucose and nitrogen excreted were in the 
proportion of 2.72:1, thus indicating that a retention of glucose 
derived from protein may practically balance the loss from 
epinephrine glycogenolysis. 


DISCUSSION 


The experimental data reported here confirm the earlier work 
in showing no appreciable increase in glucose excretion during 
exercise. By extending the observations into the recovery period, 
there has been demonstrated a distinct rise and fall in urinary 
sugar and D:N ratio after the work was accomplished. The 
source of this extra sugar is important in view of the recent data 
of Canzanelli and Kozodoy (11) and those from this laboratory 
(6) indicating that the depancreatized dog does not oxidize carbo- 
hydrate for muscular work. That it was merely the result of 
physical changes in the glucose concentration of the blood and tissue 
fluids seems improbable. There is little regularity in the blood 
glucose reaction to exercise according to previous reports (4, 11-13). 
It is true that the blood sugar changes shown in Table II are of 
sufficient magnitude to account for the extra glucose (if the calcu- 
lation is based on a change in concentration in total body fluid, 
estimated to be one-third of the body weight), but the fall in blood 
sugar in the experiments on Dogs 79 and A-11 did not appear at 
the time of maximum urinary glucose. Likewise, in the epineph- 
rine experiment (Table III) the highest blood sugar concentration 
was found in the middle of the period having the highest D:N 
ratio. Attention is turned, therefore, to metabolic changes in 
the tissue as the source of the sugar. 

In the diabetic animal ingested glycerol is converted into glu- 
cose, but the fate of glycerol derived from catabolized fat has not 
been so well established. Rapport and Ralli (14) found that the 
efficiency of exercise in two dogs was not changed greatly from the 
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normal by the administration of phlorhizin. Using the Anderson 
and Lusk normal factor of 0.580, we have calculated from the kilo- 
gram-meters of work (Table I) the excess metabolism in terms of 
fat (diabetic value of 7.44 calories per gm. from the values of 
Magnus-Levy (15)) and glycerol derived therefrom. In four ex- 
periments the glycerol could account for only 20 to 50 per cent of 
the extra sugar; in two others for 80 and 100 per cent. However, 
the derivation of the extra urinary glucose from the excess fat 
metabolism would not explain the later compensatory fall in D:N 
ratio. 

Another possible source is muscle glycogen. From our earlier 
studies of the glucose-lactic acid cycle in depancreatized dogs (7) 
and the experiments presented in this paper the following explana- 
tion is offered. During exercise muscle glycogen is mobilized as 
lactate and that which escapes into the blood stream may be resyn- 
thesized in the liver to glucose or glycogen. Through the subse- 
quent elevation of the blood sugar level and the inability of the 
liver to retain glycogen some of the glucose is lost through the 
kidney. The muscle glycogen content is gradually restored during 
recovery, in part by a retention of glucose derived from protein 
metabolism. This theory is substantiated by the epinephrine 
experiments in which a similar rise and fall in D:N ratio was 
observed. A sufficient decrease in muscle glycogen to account for 
the extra sugar excreted after repeated epinephrine injections was 
demonstrated in depancreatized dogs by Bollman, Mann, and 
Wilhelmj (16). The glycogen content of the liver was low and 
exhibited little change. The experiments of Ringer, Dubin, and 
Frankel (17) show that after deglycogenation with epinephrine 
phlorhizinized dogs would retain as glycogen a part of the carbo- 
hydrate from ingested amino acids or lactic acid. A similar reten- 
tion of ingested glucose was noted by Boothby, Wilhelmj, and 
Wilson (18) and in the depancreatized dog by Kramer, Marker, 
and Murlin (19) after the ingestion of meat. Recently definite 
evidence of the formation of muscle glycogen from glucose in the 
absence of the pancreas has been obtained by Major and Mann 
(20). It seems probable that the same glycogen-lactic acid-glu- 
cose-glycogen cycle between muscle and liver would explain the 
exercise experiments. 

No rise in nitrogen excretion during the work period was ex- 
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hibited by the depancreatized dogs (Table I), which differed in 
this respect from the normals (8). In every case a distinct increase 
was found in the recovery period. Wilson (21) has noted recently 
in man a similar recovery effect in that when an expert bicycle 
rider performed 370,000 kilogram-meters of work in 8.5 hours there 
was a tendency for a greater nitrogen output to occur on the follow- 
ing day of rest. The amount of increase over the basal level 
(Table I), averaging about 20 per cent, was considerably smaller 
than in the normal fasted dogs and did not persist for as long a 
time. The extra nitrogen in the urine appeared at the same time 
as the extra glucose. Although it is difficult in this case to rule 
out the renal factor as a source of the extra nitrogen, it is perhaps 
significant that after the ingestion of glucose the diabetic animal 
may excrete from 3 to 7 gm. of sugar per hour without raising the 
level of urinary nitrogen. These data are not contrary to the 
previously suggested interpretation of a chemical union between 
stored carbohydrate and nitrogenous material (8, 9). 


SUMMARY 


The glucose and nitrogen excretion of fasting depancreatized 
dogs was studied during treadmill exercise and for 8 hours of 
recovery. Glucose and lactate changes in the blood were corre- 
lated with the urinary data. 

No increase in sugar or nitrogen in the urine occurred during 
the period of work. 

Early in recovery a marked elevation of the glucose excretion 
appeared, which was followed by a depression. A similar rise 
and fall in D: N ratio was found after the injection of epinephrine. 

The excretion of nitrogen increased in the recovery period coin- 
cident with that of the glucose. The amount of extra nitrogen 
was smaller than that obtained previously in normal fasted dogs. 

Muscle glycogen as the source of the extra glucose is suggested 
and this possibility discussed. 


The technical assistance of Dr. Margaret Dann and Miss Elisa- 
beth Marquis in some of the experiments is gratefully ac- 
knowledged. 
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The advances made in the purification of the vitamins have 
provided an improved method of approach toward the study of 
the number, as well as nature, of the essential food factors. Be- 
cause of the uncertain composition of the vitamin B complex, it 
is as yet very difficult to test for additional water-soluble com- 
ponents of the ultimate purified diet. The fat-soluble group, 
however, appears less complex, and presents a promising field for 
the investigation of the possible existence of additional vitamin- 
like factors. 

A satisfactory basal ration may be supplied by fat-free casein, 
sucrose, and salts; to these constituents may be added a fat-free 
yeast to provide the water-soluble components necessary for the 
rat, an animal which is able to synthesize vitamin C. Through 
the use of carotene, irradiated ergosterol, and a linolate (1), a 
diet may be provided with fat-soluble vitamins A and D, and the 
essential unsaturated fatty acid (vitamin F), in practically pure 
form. The nature of the metabolic factor in lard reported by 
Wesson (2) is obscure, but its omission does not appear to affect 
growth. The remaining consideration is vitamin E, to which 
a subtle late growth stimulus has been attributed by Evans (3). 
Since this effect is not reported to become well evident until after 
the 8th month of life, and is marked only after a year, the absence 
of the vitamin should cause sterility but should not influence 
growth until the maturity “plateau”’ is reached. 


* Presented to the faculty of the School of Hygiene and Public Health 
of the Johns Hopkins University in partial fulfilment of the requirements 
for the degree of Doctor of Science in Hygiene, May, 1933. 
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Thus, by supplementing a fat-free diet with practically pure 
sources of vitamins A and D, and the essential unsaturated fatty 
acid (vitamin F), it is possible to test accurately for any unrecog- 
nized fat-soluble vitamins that might affect early or middle 
growth. With this purpose in view, the following investigation 
was undertaken. 


Preparation of Diet and Feeding Technique 
The purified diet used was as follows: 


Basal Ration 
Casein (hot alcohol-, and ether-extracted)................. 20.0 
ne eo oeubaleue 10.0 
Salt Mixture 185 (McCollum) (4).......................... 4.0 
I cS UCRca ks ob cue dacs odacbdanvecwceess 66.0 
Supplements 


Carotene'—An ethyl laurate solution of crystalline carotene, fed at 2 
drops per day = 0.08 mg. of carotene per rat per day. This solution was 
prepared fresh every week. 

Irradiated Ergosterol'—An ethyl] oleate solution of the irradiated resin, 
incorporated in the diet at 30 drops per kilo, was used. This was equiva- 
lent to 6 drops per kilo of viosterol 250 D. 

Ethyl Linolate—A distilled oil, fed at 3 drops per day = 65 mg. per rat per 
day. 


The casein was prepared by washing the commercial product 
in dilute acetic acid, distilled water, and 95 per cent alcohol. It 
was then extracted successively in Soxhlet extractors with hot 
80 to 90 per cent alcohol, hot 95 per cent aleohol, and with anhy- 
drous ether, each extraction being for 24 hours. The yeast used 
was the dried product of the Northwestern Yeast Company, but 
was extracted with anhydrous ether for 24 hours in a Soxhlet ex- 
tractor. Commercial cane sugar, which contains inappreciable 
fat, supplied the carbohydrate. The ethyl linolate? was _pre- 
pared from technical linoleic acid by esterification and careful 
vacuum distillation. Since the saturated and singly unsaturated 
fatty acids appear to have no specific réle in nutrition (1), purified 


1 Supplied through the courtesy of Dr. Charles E. Bills, Mead Johnson 


and Company, Evansville, Indiana. 
? The author is indebted to Dr. Warren M. Cox, Jr., of Mead Johnson and 


Company, for some of the oil used. 
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preparations of ethyl laurate and ethyl oleate were secured as 
solvents for the carotene and irradiated ergosterol, respectively. 

By means of preliminary assays, it was shown that the carotene, 
irradiated ergosterol, and ether-extracted yeast were above the 
optimal amounts. In the absence of data on the optimal pre- 
ventive dosage for the essential unsaturated fatty acid, the ethyl 
linolate was fed at 65 mg. per rat per day, the adequacy of which 
had been demonstrated in a previous experiment. 

The animals were kept on wire screens in individual cages. In 
order to insure a ready consumption of the supplements, the 
carotene and ethyl linolate were administered with a small portion 
of ration in the evening. By morning this had been consumed, 
and ample diet for the day was put in the feed cups. 


EXPERIMENTAL 


Growth Deficiency—A group of rats was started upon the ex- 
perimental diet when weaned, that is, when the animals were 
about 25 days old and weighed 40 to 50 gm. From the very start 
of the experiment the growth of these animals was compared with 
the composite growth curves of rats on the laboratory stock diet 
(Fig. 1). 

The results were surprising. In the experimental females, 
growth was slightly below normal for the first 5 weeks on the diet, 
slow at the 10th week, and very slow or checked by the 14th week. 
By the 18th week, all had definitely reached a plateau or suffered 
a slight decline. At this time the weights ranged from 140 to 
170 gm., while the stock animals of the same age weighed about 
190 to 210 gm. and were on a slow ascent (Fig. 1). 

Similarly, the males grew at a little less than the normal rate 
for the first 5 weeks, were slow at the 12th, very slow or stationary 
at the 16th, and had all reached a plateau or experienced a slight 
decline in weight between the 18th and 22nd weeks (Fig. 1). It 
appeared, therefore, that the sequence of growth retardation was 
the same as that of the females, except that the greater growth 
potential of the males required about 2 weeks more in order for 
them to reach an analogous stage of plateau or slight decline. At 
the point of plateau and slight decline, i.e. the 18th to 22nd week, 
the weights of the experimental males ranged from 198 to 243 
gm. On the other hand, the normal males weighed approximately 
300 to 350 gm. by the 18th week and were still gaining. 
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Although male rats were continued upon the diet for 36 weeks, 
in the additional period they remained stationary or declined as 
much as 15 gm. from the weights attained at the 22nd week. The 
stock males, on the other hand, had grown to their maturity 
weights of 350 to 450 gm. by the 36th week after weaning (Fig. 1). 

In the case of the experimental females, some animals were 
maintained on the diet for a year or slightly longer. Instead of 
ultimately increasing in weight, the rats slowly declined to weights 
of 120 to 135 gm., amounting to losses of 30 to 45 gm. from the 
maximum weights that they had reached at the 14th to 16th 
week. The stock females, on the contrary, attained their normal 


Fia. 1 


weights of 200 to 250 gm. at about the 32nd week after weaning, 
and maintained themselves at those weights (Fig. 1). 

After about 30 weeks on the diet the females became progres- 
sively poorer in appearance, so that after the 40th week they were 
in a miserable condition. In comparison with stock animals they 
appeared slightly inferior in length, but more strikingly sub- 
normal through lack of body fat. Indeed, when grasped in the 
hand, the animals felt like little more than fur, bones, and viscera. 

There was also a striking decrease in vigor. The animals did 
not run about their cages; they scarcely moved except when dis- 
turbed or in need of food. When the animals did move, their 
motions were stiff and slow—accompanied in some cases by a 
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decided arching of the back. If they were lying on the feed pans 
when the latter were unhooked for refilling, they would not jump 
off quickly like vigorous rats. Instead they would put the fore 
legs down and slowly drag the hind legs after them. Frequently 
they would fall while trying to step down to the wire screen. 

The estrous cycles of the animals often appeared irregular, 
exhibiting a peculiar interruption between the preestrous and 
estrous stages. In the case of an animal continued on the diet 
until it had reached a very poor state, repeated mating tests 
were negative. The vaginal smears revealed that ovulation 
apparently had ceased, with the animal probably remaining in 
diestrus. This effect, no doubt, was not specific, but rather a 
manifestation of the poor nutritive state. 

Failure of Any Known Early Growth Vitamin to Cure.Deficiency— 
As early as the 12th to 14th weeks it was quite evident that the 
diet was not complete for early and middle growth. Although 
the rats at no time showed signs of any recognized deficiency, 
additions of various known vitamins were made. All supplements 
were given between the 14th and 23rd weeks on the diet. The 
animals used were those in which the growth curves had reached 
a plateau when the experimental diet alone was fed, or were still 
level after the addition of a negative supplement. 

The complicity of the vitamin B complex was ruled out by the 
negative results of substituting 10 per cent unextracted North- 
western yeast for the ether-extracted product, and the lack of 
benefit derived from feeding an additional 1 gm. per day of North- 
western and Anheuser-Busch yeasts. Vitamins A and D were 
likewise eliminated by the absence of improvement after increas- 
ing the carotene dosage from 2 drops per day to 3 drops per day, or 
after adding cod liver oil (Mead Johnson and Company) at 3 drops 
per day, or viosterol at 1 drop per 3 days. Finally, a deficiency 
of the essential unsaturated fatty acid (vitamin F) was disproved 
by the negative effect of trebling the dosage of ethyl linolate, of 
substituting lard at 0.5 gm. per day for the linolate, or of sup- 
plementing with the same amount of lard. The failure of lard 
to improve the condition also demonstrated that Wesson’s me- 
tabolic factor (2) was not concerned. 

Inasmuch as a casein factor reported by Coward, Key, and 
Morgan (5) and by Guha (6) was suspected, the untreated com- 
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mercial casein was substituted for the extracted product of the 
experimental diet. This change likewise conferred no benefit. 

Demonstration of Curative Factor—Since none of the vitamins 
included in the plan of the diet was concerned in the subnormal 
growth, various natural foods were fed to make certain that the 
animals were not permanently stunted. Striking resumption of 
growth followed the administration of wheat germ,’ egg yolk, and 
to a slightly less degree, the addition of lettuce. Although a sig- 
nificant effect might not be detected after 1 week, the response 
was quite definite at the end of the 2nd week. In the males the 
gain was from 10 to 25 gm. in the first 2 weeks, followed by smaller 
gains for many succeeding weeks. By the 10th week on the sup- 
plement growth had become slow at about 275 to 300 gm., but a 
gradual gain was continuing. 


Fia. 2 


In the female the response was 5 to 15 gm. by the end of the 
2nd week, with growth continuing at 3 to 6 gm. a week until 
the 10th or 12th week. By this time the animals had reached 190 
to 205 gm., weights within the lower range of normal figures, and 
remained on the customary maturity plateau (Fig. 2). In ap- 
pearance they were essentially normal. A comparison with the 
control experimental animals, of the same age but restricted to the 
experimental diet alone, indicated that the improvement was in 
size, body fat, vigor, and general well being. 

The striking character of the response, as well as its regularity, 
left no doubt as to the existence of an unrecognized effect of some 


4 Furnished through the courtesy of the Russell-Miller Milling Company, 
Minneapolis. 
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principle upon early and middle growth, and upon the maintenance 
of well being. 

Distribution of Factor—In order to learn more of the factor, 
its distribution was studied. The data are summarized in the 
following tabulation. A good response was such as that described 
in the previous section ; namely, a gain of 5 to 15 gm. in the females, 
and of 10 to 25 gm. in the males at the end of 2 weeks, with growth 
continuing at a slower rate for at least 8 weeks afterward. Fair 
and poor were degrees of approach to the condition of absence of 
growth or slight decline, which was considered a negative response. 





Food per day Response 





NS CR icncacunnihs sveniuvinsonevaeinh Negative—fair* 
Casein, commercial (as 20% of diet) Negative 
Chlorophyll (5 drops of Merck’s alcoholic solution). .. ” 
reer re oe eee 
eee CO 1a. 60s danstmavenss cagbets sxemeres cat Good 
Ee ee ee ee er ee ee Cee to Negative 
LAUR, BO COMI. . 6 i056 b0nwn ca gtusak i pees <apde Fair 


eh, MENUS MPMI wthine sus douche Chukeweckstuesel 
Milk, pasteurized (25 cc.) ............. 00. eee e ee eee 
Wes cate Cid os kisi occu iceess Sd abs 


Negative-poor* 
Negative-fair* 
Good 


Ke GHGS ened 5 ois ccs css ccccenvewsadecbeseed Negative 
Vom GR: 5 x pia caves de scteiedt aie eee a8 


* The response in these was irregular, being negative during the first 4 to 
5 weeks and showing intervals of improvement thereafter. Since these are 
animal products, it is likely that the variation was due to differences and 
changes in the diets of the source animals. 








Nature and Properties of Factor—Wheat germ was selected as 
a starting material for investigation into the nature and properties 
of the factor. When fed at a level equivalent to 7 gm. per day of 
wheat germ, the ash proved ineffective. Therefore, it was prob- 
able that the active substance was of organic nature. 

The solubility of the principle was determined by making hot 
extracts of wheat germ with water, 70 per cent alcohol, 95 per cent 
alcohol, acetone, and ether. Although a slight response was 
secured from water and 70 per cent alcohol, much better growth 
was promoted by the other concentrates, particularly that from 
the ether extract. The wheat germ oil from ether extraction 
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gave a good response when fed at 0.5 and 1 cc. per day. Since 
boiling alcohol extracts, held at a temperature of 79° for 2 hours, 
were active, the factor did not appear to be very heat-labile. 

By reason of the inactivity of the ash and the potency of con- 
centrates, the vitamin-like nature of the beneficial principle was 
demonstrated. Furthermore, in both distribution and properties 
the growth factor appeared similar to vitamin E. 

Relation of Growth Factor to Vitamin E—The behavior of the 
principle upon saponification was determined by feeding the un- 
saponifiable fraction and the fatty acids secured from wheat germ 
oil. The fractions were separated from both hot saponification 
(14 hours at 79°) and cold saponification (24 hours at 25°), in a 
manner similar to the general procedure described by Burr and 
Burr (1). Since 0.5 gm. per day of wheat germ oil had proved 
effective, the fractions were fed equivalent to their amounts in 0.5 
gm. of the oil. In both cases the fatty acids were inactive, while 
the unsaponifiable concentrates permitted a slow but definite 
growth. The response, however, was not so good as that secured 
by the equivalent amount of wheat germ oil. The results indi- 
cated that the growth factor, like vitamin E, withstood saponifica- 
tion and went into the unsaponifiable fraction, but with some 
loss in activity. 

A few preliminary efforts were made to investigate further the 
relation of the growth factor to vitamin E by a study of the growth 
potencies of different samples of wheat germ oil (prepared by 
ether extraction). When fed prophylactically as a supplement 
to the experimental diet, the unsaponifiable fraction of one oil 
caused a slightly improved growth. Consequently, the results 
furnished no distinction between vitamin E and the growth factor. 

However, an unsaponifiable concencentrate was also prepared 
from a second batch of wheat germ oil. This sample of oil ap- 
peared considerably different from the first by reason of its darker 
color and higher solidification point, being completely solid at 
8°. Two male rats were fed from weaning upon the experimental 
diet but with the addition of the concentrate equivalent to 2 gm. 
per week of wheat germ oil, an amount in excess of the fertility 
requirement of 250 mg. per week (1). 

The growth curves revealed that these animals were always sub- 
normal in size and were still at least 100 gm. underweight at the 
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end of the 28th week. Instead of remaining at a plateau, how- 
ever, as in the animals on the experimental diet alone, the growth 
curves of the rats continued on a very slow ascent. The vitamin 
E potency of the extract had been demonstrated by the fact that 
the males were fertile as late as the 28th week on the diet, which 
was the date of the last mating. By means of mating tests, it 
was proved that controls not receiving the concentrate were sterile 
when tested, which was in some cases the 18th week, and in others 
the 24th week on the diet. Since the potency of the extract was 
demonstrated, this constituted a case in which early growth had 
not been improved, despite the definite presence of some vitamin E. 
Thus some evidence was presented for a possible distinction be- 
tween the growth and fertility factors in wheat germ oil, as well 
as a variation in the potencies of concentrates from different samples 
of gil. Further experiments on this point have been planned. 


Vitamin E and Xanthophyli 


Incidental to the work on wheat germ oil, two male rats were 
fed from weaning upon the experimental diet, but with the addition 
of an ethyl laurate solution of xanthophyll, equivalent to 0.08 mg. 
per day of the pigment. After 18 weeks the weight curves had 
reached a plateau at 210 to 220 gm., thus demonstrating that this 
quantity of xanthophyll did not provide the early and middle growth 
factor of wheat germ oil, even when fed from the time of weaning. 
In view of the suggestion by von Euler and Klussmann (7) that 
a relationship might exist between vitamin E and xanthophyll, 
mating tests were attempted. The negative results of these tests 
suggested that the animals were sterile, a fact confirmed by the 
extremely small size and degenerated appearance of the testes at 
autopsy. Olcott and Mattill (8) have recently reported the 
absence of a simple relationship between vitamin FE and 
xanthophyll in the female rat; this experiment confirmed the lack 
of such a connection in the male rat. 


Possibility of Additional Fat-Soluble Factors 


Since the highest weights reached by the cured animals were only 
the lower range of normal figures attained by the animals on the 
stock diet, it seemed probable that one or more additional fat- 
soluble growth factors might exist. In a single case of preliminary 
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investigation on this point, fresh liver at 2 gm. per day was given 
as a further supplement to a cured female rat with a growth curve 
that had reached a plateau at 205 gm., after the addition of wheat 
germ. No change, however, was noted during a month’s feeding. 
Due to the age of the animal, no effect could be expected from 
the water-soluble early growth factor in liver, such as has been 
reported by Mapson (9). The negative result of this supplement 
suggested that liver contained no additional factor limiting late 


growth. 
DISCUSSION 


Since the growth stimulation produced by the curative foods is 
quite different from the late growth effect attributed to vitamin E, 
the response cannot be explained upon the basis of the properties 
ascribed to the known vitamins. By reason of its distribution, 
general properties, and partition into the unsaponifiable fraction 
of wheat germ oil, the active substance appears quite similar to 
vitamin E. If the marked growth effect of the curative foods is 
really due to vitamin E, the experiment demonstrates a new 
method for the assay of this vitamin, that is, by growth response 
rather than by prevention or cure of sterility. 

However, it is noteworthy that the females may even cease to 
ovulate, thereby preventing the very testing for vitamin E de- 
ficiency. In the case of two male rats that received a concentrate 
of the unsaponifiable fraction of wheat germ oil, the animals were 
proved potent, although distinctly subnormal in weight. 

Mention of additional fat-soluble factors has occasionally been 
made. Mason (10) believed that the beneficial effect of lettuce was 
not due to its vitamin E content alone. Coward and coworkers 
(5) and Guha (6) produced a deficiency disease through the use of 
a special extracted and heat-treated casein, but they did not prove 
that the curative principle was not vitamin E. In the present 
experiment, however, growth failed on a diet containing an ex- 
tracted but unheated casein, and no potency was found in the 
untreated commercial casein—a product whick was unextracted 
and had never been exposed to temperatures above 55°.‘ 

In view of the demonstrated growth effect of wheat germ oil, it 
seems pertinent to inquire as to the completeness of various assay 


* Personal communication from the manufacturers. 
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diets, particularly that for vitamin A testing. Coward and her 
-associates (11) have reported on the discrepancies produced by 
using different types of casein. During the course of a prelim- 
inary vitamin A assay for the present investigation, it was found 
that the addition of ample carotene over a long period of time did 
not permit the rats eventually to reach normal weights. In fact, 
improved growth appeared to result upon the further addition of 
wheat germ oil, but not upon increasing the carotene or supple- 
menting with ethyl linolate. From these indications it appears 
that the growth factor of wheat germ oil cannot safely be omitted 
from nutritional experiments of long duration. 

The use of fat-free diets supplemented by carotene, irradiated 
ergosterol, and linolate, constitutes a useful technique for the 
study of fat-soluble factors in nutrition, as well as an infallible 
* diet for the production of vitamin E sterility. Further studies 
with this type of diet are contemplated as a means of investigating 
the possible existence of other fat-soluble factors. 


SUMMARY 


1. The preparation of a highly purified diet has been described. 
This was accomplished by obtaining the protein, carbohydrate, 
salts, and yeast of the basal ration in a fat-free state, and then sup- 
plementing with sources of the fat-soluble vitamins A and D, and 
the essential unsaturated fatty acid (vitamin F), in a practically 
pure form. 

2. Such a diet failed to promote normal early and middle growth 
in the rat; prolonged feeding (40 to 50 weeks) to female rats pro- 
duced a deficiency disease marked by a significant loss of weight, 
loss of vigor, emaciation, muscular disturbance, and a general lack 
of well being. In this poor nutritive state the females sometimes 
showed a disturbance in the estrous cycle, with consequent cessa- 
tion of ovulation. 

3. The condition was readily curable by certain foods, notably 
wheat germ, wheat germ oil, and egg yolk, the addition of any 
one of which soon restored growth and well being. 

4. The preparation of active concentrates by extraction with 
ether and other fat solvents indicated the vitamin-like nature of 
the beneficial factor. 

5. In distribution and general properties the growth principle 
resembled vitamin E. 
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6. The production of the deficiency and its cure by wheat germ 
oil and by other substances permits one of two conclusions: (a) 
that vitamin E is necessary not only for reproduction and late 
growth stimulation, but also for normal early and middle growth, 
and for the maintenance of well being; or (6) that wheat germ oil 
contains an unrecognized fat-soluble growth factor. Some evi- 
dence favors the latter view. 


The writer takes pleasure in acknowledging the advice and 
kindly criticism of Professor E. V. McCollum, at whose suggestion 
this’investigation was undertaken. 
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In another paper the authors (1) present proof of a humoral 
control of the secretion of intestinal juice. The effect of food and 
other influences on secretion commonly have been studied by 
noting merely the changes in volume of fluid secreted in definite 
intervals of time. This is not sufficient to prove increased activity 
of glandular structures in relation to the specific function for which 
they have become differentiated. Quantitative study of the 
enzyme production is the essential thing. This was realized at the 


beginning of these studies on the transplanted intestinal loop 
(2, 3) and methods were adopted which have proved satisfactory 
during the 4 years and more of this work. Their description in 
detail is the purpose of this paper. 


Methods 


Operative Technique—Sections of upper jejunum 15 to 20 em. 
in length were transplanted to the submammary surface of the skin 
of recently lactating dogs. The procedure was essentially the same 
as that employed by Ivy and his associates (4), although our first 
operations were performed without knowledge of their work on 
the intestine. In some of the animals the loops were divided, one- 
half being engrafted on each side and one end of each half brought 
to the outside. The mesenteric blood vessels and nerves were 
left intact and brought through an opening in the abdominal wall 
at the fore end of the incision. This constituted the first stage. 
After studying the rate of production of the juice for some months, 
until a good collateral circulation was thought to be established, 
the mesenteric stalk was doubly ligated and cut in a second oper- 
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ation (second stage). Studies of secretion then continued for several 
months more. Seven dogs were successfully carried through the 
entire procedure (see Nasset, Pierce, and Murlin (1)) and 189 
analyses were made. 

Collection of Juice—Cannule were found to be unsatisfactory 
for the quantitative collection of succus entericus on account of 
leakage; also they frequently slipped from the fistula. Later, 
smooth surfaced so called “‘silk’’ human urethral catheters, trimmed 
at the funnel end to appropriate lengths, were inserted within the 
loops to near the blind ends and allowed to extend to the bottom 
of the collecting vessel. Over 200 collections have been made in 
this way, with only a very rare loss of a little juice. Before attach- 
ing the collecting vessel, the loop was usually washed out with warm 
water until the washings were clear and free from solid matter. 
Washing, however, did not affect the amount of juice obtained. A 
small beaker, the rim of which had been flattened, served as collect- 
ing vessel and was held snugly to the abdominal surface encircling 
the fistula by a strap about the animal’s body. By loosening the 
strap the vessel could be tilted sufficiently to empty it at the end 
of each hour. The catheters were retained in the loops through- 
out the collecting periods and were prevented from being expelled 
into the beaker by having the outer ends pass through a hard 
rubber block (1 X 1 X 3 cm.) which was suspended loosely by a 
string over the animal’s back. Finally, the animal was placed in a 
stall designed to limit its movements and at the same time to 
afford enough support by means of the suspending coat or harness 
to prevent the animal from becoming excessively tired during the 
collecting period, usually 7 hours. 

When the volume of juice was large the amount of visible solid 
matter was small and vice versa. Some dogs proved to be much 
better producers of juice than others, but the physical character 
of the juice was always similar for similar periods with the same 
dog. When the loops were washed the collection of the first half 
hour regularly was discarded owing to its dilution with wash water. 

Enzyme Methods—In preliminary studies the intestinal juice 
was centrifuged, the clear supernatant fluid serving as a source of 
the enzymes. It was soon found that the extent of hydrolysis of 
the various substrates was much greater if the suspended masses 
were not removed from the juice. Subsequently, therefore, the 
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solid and semisolid matter was finely divided and uniformly 
suspended by shaking with glass beads in a small flask. No 
attempt has been made to follow the reactions catalyzed by all of 
the enzymes of this digestive secretion; only those have been 
selected which seemed to be most readily capable of determination 
by quantitative measure of their activities on ordinary substrates; 
namely, the amylase-maltase complex, sucrase (invertase), pepti- 
dase (erepsin), and lipase. 

The substrates used were 1 and 2 per cent soluble starch solu- 
tions, 1 and 2 per cent sucrose, 5 per cent peptone water (Difco), 
2 and 5 per cent egg albumin and casein solutions, and olive oil 
having a low acid number. Gelatin solutions were used in a few 
studies. 5 per cent solutions of lactose and maltose were used in 
qualitative studies to determine the presence of the corresponding 
enzymes. The carbohydrate solutions were neutral in reaction 
(pH 6.8 to 7.0). The protein substrates and peptone water were 
adjusted to pH 7.6 prior to adding the intestinal juice. Toluene 
was used uniformly as antiseptic, 0.5 cc. being added to each 
mixture, except the olive oil, where 4 drops were found sufficient. 
50 ec. of the substrate solution for 1 cc. of intestinal juice were 
found to be a satisfactory proportion in all cases except the fat 
digestion. This hydrolysis had to be treated in a special manner 
as continuous shaking was found to be necessary. The shaking 
apparatus described by Pierce and Haley (5) was adapted to the 
purpose. Ordinary 8 cc. homeopathic vials were large enough for 
the samples (1 gm. of olive oil, 1 ec. of intestinal juice, and 1 cc. of 
dog bile') and accordingly were substituted for the small flasks 
formerly used. Holes were bored into the rim of the rotating wood 
wheel, of appropriate size to receive the vials which, provided with 
paraffined stoppers, were held in place by spring clips. The shaker 
wheel was placed inside an incubator and driven by a motor 
mounted on top. The remaining space in the incubator regulated 
at 38° was available for the other digestion mixtures contained in 
small flasks. At the appropriate time, vials were removed from 
the shaker and with their contents placed in alcohol, the mixture 
at once heated to boiling, and the fatty acids produced titrated 
with 0.1 N alcoholic potassium hydroxide. 

’ Thanks are due Dr. W. B. Hawkins of the Department of Pathology 


for supplying from his bile fistula dogs a plentiful amount of bile from 
time to time. 
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Controls containing 1.0 cc. of water or 1.0 cc. of boiled intestinal. 
juice were incubated with the tests themselves, samples being 
removed from controls and the enzyme-containing solutions at the 
same time. The total period of incubation was 48 hours at 38° 
and analyses were made at 6, 12, 24, and 48 hours in the early 
parts of the study, but were limited to 24 and 48 hours in the later 
part. 

Reducing sugars were determined by Bertrand’s method (by 
titration). The formation of amino acids was followed by the 
use of Sérensen’s formol titration; the rate of hydrolysis of lactose 
and maltose by use of the polarimeter. 

The amount of hydrolysis was calculated as follows: The 
amount of digestion of each of the substrates by 1.0 cc. of the juice 
was determined, these values then being multiplied by a factor 
obtained by dividing the total volume of juice by the number of 
hours of the collection period. Thus is expressed the hydrolytic 
activity of an average hour’s secretion and the results are compar- 
able one with another. 

The effect of food was studied by feeding the animal in the morn- 
ing and collecting the secretion for 7 hours after feeding, the control 
period of collection for fasting occurring on an adjacent day or days 
immediately before or after, or both before and after the day of feed- 
ing. Ina comparatively few cases the control or fasting period was 
run in the morning and the food period, following ingestion at noon, 
in the afternoon. The former proved the more reliable method. 
Another method used in later studies for following the hour to hour 
production of enzymes will be described in a later paper. 


Results 


The time course of digestion for the different enzymes, expressed 
in mg. of the product, or per cent of complete hydrolysis, is shown 
in Fig. 1. The curves are averages of twenty to twenty-five runs 
for each enzyme. 

The titrations obtained from digestion with 1.0 cc. of juice on 
the amounts of substrates shown for a typical experiment are given 
in Table I. The true value is obtained by subtracting the titra- 
tions for the several control blanks, with juice boiled for 5 minutes. 
These correction values in some instances, e.g. with peptone water, 
obviously are very important. The control titration in this partic- 
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ular instance is explained by three circumstances: (a) difference 
between the initial reaction (pH 7.6 obtained with brom-thymol 
blue) and the final titration end-point (pH 8.5 to 9.0 obtained with 
phenolphthalein), (6) some free amino nitrogen in the peptone 
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Fie. 1. Showing the rate of formation of invert sugar from sucrose, 
glucose from starch, and amino nitrogen from peptone in mg., and the rate 
of hydrolysis of olive oil in percentage, by the enzymes in succus entericus. 


initially, and (c) the buffering effect of the peptone. The accel- 
erating effect of gelatin on lipolysis, shown both in the chart 
(Fig. 1) and Table I, is a matter of considerable interest. In the 
preliminary studies so little hydrolysis of fat was obtained that it 
seemed necessary to employ some sort of activator. Willstitter, 
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Waldschmidt-Leitz, and Memmen (6) found that egg albumin 
added to CaCl, and sodium glycocholate activated pancreatic 
lipase in an alkaline medium more than the other two non-specific 
activators alone. Even protein by itself as activator increased 


Taste I 
Showing Typical Action of Several Enaymes in Dog II 
Length of digestion 
Enzyme mixture 6 hrs. | 12 hrs. | 24 hrs. | 48 hrs. 
Ce. 0.1 n KMnO« 














50 cc. 1% sucrose + 0.5 ce. toluene + 1 ce. 
jui 6.90 | 10.43 


0.18 | 0.18 


50 ec. 1% soluble starch + 0.5 cc. toluene + 1 
ec. juice " 6.12 | 11.28 


50 ec. 1% soluble starch + 0.5 cc. toluene + lee. 
«5 coe shaliung 6osééavene<sesevees) 0.20 | 0.22 


Ce. 0.1 nN NaOH 








50 ce. 5% peptone water + 0.5 ec. toluene + 1 
ec. juice 7.70 | 9.75) 11.36 


50 ec. 5% peptone water + 0.5 cc. toluene + 1 
ec. boiled juice ; 4.22| 4.20) 4.28 


50 cc. 2% albumin + 0.5 ec. toluene + 1 ce. 
jui 0.98 1.05; 1.08 


50 cc. 2% albumin + 0.5 ce. toluene + 1 ce. 
boiled juice ' 0.92 | 0.93) 0.92 


. 0.1 N alcoholic KOH 

















1 gm. olive oil + 1 ec. bile + 1 ce. juice + 4 
drops toluene + 0.1 gm. gelatin t 4.40 | 7.12) 10.80 
1 gm. olive oil + 1 ce. bile + 1 ee. boiled juice 
+ 4 drops toluene + 0.1 gm. gelatin ' 1.30 | 1.32) 1.60 
1 gm. olive oil + 1 ec. bile + 1 ce. juice + 4 drops 
toluene 2.70) 3.30 
1 gm. olive oil + 1 ce. bile + 1 ec. boiled juice + 
4 drops toluene 0.40} 0.48 

















the hydrolysis materially. Trial of several proteins indicated 
that gelatin had the most powerful effect with the intestinal lipase. 
This finding has been made the subject of a special study by one 
of us and will be reported later. 
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Because enzymes from no other source could be used to prove 
the extent of hydrolysis obtained with intestinal juice, reproduci- 
bility of results was relied upon as a measure of accuracy. The 


Tasie II 
Duplicate Determinations with Same Sample of Intestinal Juice 


: Sucrase. Invert | Amylase-maltase |Peptidase. Amino) 
Experiment No. sugar formed Glucose formed N formed 








mg. mg. 
79.3 169 
78.0 161 
91.5 
86.0 
85.0 
85.0 
133 
124 
437 
408 
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Tasie III 


Digestion of Substrates Caused by an Hour’s Average Secretion of Intestinal 
Juice* 





Sucrase Amylase- Peptidase 
Invert s maltase. Glu- Amino N 
Dog No form cose formed formed 





Fast- Fast- Fast- 





II 759 | 896 761 | 108 76 91 
Ill 890 | 1273 | 914 | 1229 66 90 
IV 955 | 1285 | 1006 | 1274 69 87 
V 1423 | 1493 | 1482 | 1453 146 
VI 2359 | 1673 | 2614 | 2169 | 178 
VII 497 | 199 | 707; 491 52 47 
VIII | 1477 | 537 | 1744| 882 98 
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2885 























— 
So 
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* Period of digestion, 48 hours. 


figures in Table II show the average range of agreement between 
duplicate samples from the same collections of juice. Rarely did 
the results fail to agree within 10 per cent, although an occasional 
poor check was obtained. This indicates the order of change which 
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it was necessary to find in order to prove one sample more concen- 
trated than another in any particular enzyme. As will be seen 
below, however, volume of juice must be taken into account as 
well as concentration in judging the rate of secretion. 

Table III illustrates the order of amount of digestion and 
therefore the strength of enzymes found in an hour’s average 
secretion of intestinal juice in the seven different dogs. The 
figures are averages of many experiments for juice obtained after 
the first stage operation. Figures often were quite comparable 
with these after the second stage operation (see paper on humoral 
control (1)). Physical characteristics of the secretion also were 
similar in all respects. These facts prove that the succus enteri- 
cus formed in a completely isolated loop does not differ essentially 
from that formed while the nerves and blood vessels from the mesen- 
tery were intact. 

Table III shows considerable variation among the several sub- 
jects. Dog VII, for example, was a very poor producer of juice, 
while Dog VI was a prolific producer. This difference was more a 
matter of volume than of concentration of enzymes. The figures 
may be taken as characteristic of each dog for the first stage, for 
they not only are averages of a considerable number of analyses, 
but they were obtained by the method of calculation for an hour’s 
average secretion given above and therefore take account of both 
volume and concentration. 

Food produced a definite increase in the digestive power of 
the juice (first stage) with Dogs II to V, exceptions being noted 
under lipase for Dog II and amylase-maltase for Dog V where 
the effect was practically nil. With Dogs VI to VIII the juice after 
feeding had definitely less enzymic activity than that after fast- 
ing, while the nerves were intact. The meaning of this observa- 
tion is fully discussed by Nasset, Pierce, and Murlin (1). 


DISCUSSION 


Variation in the enzyme content of juices obtained from different 
dogs and from the same dog at different times has been noted by 
other observers. Cajori (7) recently has commented on this high 
degree of variability. Alteration of the diet does not account for 
the variation reported here for it occurs in the same dog maintained 
on the same diet for several months. Following food a change in 
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fluid secretion rate or in concentration of enzymes as a rule did not 
appear for 3 or 4 hours. It is likely that Cajori failed to note this 
because his collection periods were too short. More important 
reasons for his failure to note food effects, however, seem to be 
(a) too small a number of animals and (6) the method of expressing 
his results. Thé true criterion of a change in functional activity 
of the secreting structure must be a change in the amount of 
substances characteristic of the secretion; namely, the enzymes. 
Neither concentration nor volume of fluid alone can supply the 
necessary data. Both must be used. This was noted in one of 
the preliminary publications of this study (3) and is confirmed by 
the work of Cowgill and Smith (8). 

It has been observed frequently in this work that a rough meas- 
ure of the enzyme concentration of the intestinal secretion is the 
amount of visible suspended matter present. Microscopic exam- 
ination of the solid matter revealed the presence of relatively few 
mucosal cells. The solid substance appears more like a partially 
coagulated state of the proteins. It is not mainly fat. As the 
centrifuged juice was found to be much poorer in enzymes than 
the uncentrifuged product, it seems certain that the solid or semi- 
solid particles adsorb the enzymes or are the enzyme proteins 
themselves coagulated by some process possibly to prevent their 
reabsorption. 

Carbohydrases—Qualitative examination revealed the presence 
of maltase and lactase, as well as of invertase and amylase. Bab- 
kin (9) notes that all of these except lactase have been reported 
by practically all observers. Weinland (10) reported lactase in 
the intestinal juice of young and mature dogs fed on milk. Cajori 
found no lactase in the intestinal juice of the dog, which he exam- 
ined. Jejunal juice from two dogs out of the seven used in the 
present study was tested and found to contain lactase, but it had a 
very low degree of activity. The actions of sucrase and of the 
amylase-maltase system run approximately parallel in many 
samples (see Fig. 1). The concentration of amylase-maltase, 
however, is much more uniform than that of invertase. Some 
evidence is presented by Nasset, Pierce, and Murlin (1) that the 
relative concentration of the two depends upon the food. The 
sucrose and starch solutions used frequently were hydrolyzed to 
the extent of 80 to 90 per cent by 1.0 cc. of juice within 24 hours, 
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although when the juice was very dilute (volume large) the amount 
of digestion was materially less. 

Lipase—Centrifuged juice used in the preliminary runs failed 
to reveal any lipase. Less than 1 per cent of the olive oil was 
hydrolyzed. When uncentrifuged juice was used, a greater 
percentage regularly was split, yet the yield of fatty acids was very 
small. Boldyreff (11) and other authors mentioned by Babkin (9) 
found a lipase in succus entericus. The first named states that 
the concentration was low; but the stability of intestinal lipase was 
greater than that of pancreatic lipase. His experiments did not 
indicate that bile increased the activity of this lipase, whereas 
Jansen (12) as well as Lueders, Bergeim, and Hawk (13) reported a 
substantial activation with bile. The latter group, however, 
were studying the enzymes of human duodenal juice. Fresh dog 
bile in the present studies produced a marked increase of lipolytic 
action. The oil was hydrolyzed to the extent of 0.7 to 6.3 per cent 
in 24 hours, and 1.1 to 19.7 per cent in 48 hours. At best the 
lipolytic activity is not very great in vitro, and yet it is known that 
a depancreatized dog (14) or a dog with the pancreas completely 
isolated from the intestine (15) can digest a considerable amount of 
fat. 

Proteinase and Peptidase—The view usually accepted has been 
that there is no proteinase present in the secretion of the intestine. 
Recently Balls and Kéhler (16) found that extracts of the intestinal 
mucous membrane possessed a proteolytic activity. This, how- 
ever, is not the same as the naturally produced intestinal secretion 
and to our knowledge the presence of a proteinase therein has never 
been established. When 1.0 ce. of intestinal juice from these 
intestinal transplants was added to a 2 or 5 per cent solution of 
either casein or egg albumin at pH 7.6, no hydrolysis was obtained; 
but when added to a mix containing 0.1 gm. of gelatin and 1.0 cc. 
of bile, some digestion of the gelatin occurred, as shown by formol 
titration. The action was distinctly greater in the presence than 
in the absence of bile. Though the concentration was very low, 
the observation seems to prove the presence of an enzyme capable 
of splitting gelatin. 

Some investigators formerly believed that erepsin could act as a 
proteinase but more recent work (17) has confirmed Cohnheim’s 
original idea that erepsin will not split native proteins. Difco 
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peptone was used as substrate for the peptidase (erepsin) in this 
work and it is evident from Table III that the concentration of this 
enzyme was not very great. 


SUMMARY 


Methods for quantitative collection, and analysis for enzyme 
content, of intestinal secretion from transplanted loops of the 
jejunum are described. 

In order to determine the effects of food or other influences on 
the secretory activity of the intestinal gland it is essential to 
measure not only volume of the secreted fluid but also the enzyme 
concentration. 

With the enzyme system amylase-maltase and the single enzymes 
sucrase (invertase), peptidase (erepsin), and lipase reproducible 
results within 10 per cent can be readily obtained. This indicates 
the order of difference which must be found to prove a greater or 
less production of the specific substances. 

Considerable variation in enzyme production among different 
dogs and in the same dog from time to time is confirmed. This 
makes necessary a large number of observations to prove specific 
influences. 

The carbohydrases, amylase-maltase and sucrase, are the most 
active enzymes of the succus entericus; lipase is unmistakably 
present and is activated by fresh dog bile; no proof of a proteinase 
beyond a slight cleavage of gelatin was obtained. Peptone 
(Difeo) however is readily hydrolyzed. Lactase was found 
qualitatively in the only juices (from two dogs) examined. 
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Quantitative determinations of the phosphorus distribution 
in the eggs of a variety of species by Tschernorutzki (1), Massing 
(2), and Needham and Needham (3) have indicated the probable 
presence of nucleoproteins in unfertilized ova. Unfortunately, 
however, the presence of vitellins in such cells renders the exact 
interpretation of such analyses somewhat difficult since, with 
current methods of analysis, it is possible that phosphoproteins 
of this type may be mistaken for nucleoproteins. 

In view of these facts it is of interest to determine the presence 
of nucleic acid in unfertilized ova by means of an actual isolation, 
which permits an examination of the characteristics of the sub- 
stance isolated. For this purpose we have selected the eggs of the 
sea urchin, Arbacia punctulata, whose alecithal nature facilitates 
the ease of the necessary chemical manipulations. In this con- 
nection it should be noted that Mathews (4) states: ‘“The author 
got a substance with some of the properties of nucleic acid in some 
quantity from the unfertilized eggs of the sea urchin. It could 
not be positively identified, however, as the quantity was too 
small.’”’ 


EXPERIMENTAL 


The isolation of the crude nucleic acid described below was 
made upon material obtained at Woods Hole at the height of the 
breeding season. Various fractions of the crude product obtained 
during a number of years were subsequently combined and 
purified. 
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Isolation of Crude Nucleic Acid—The ovaries distended with 
ripe ova were removed from the animals immediately after collec- 
tion, suspended in approximately 50 volumes of sea water, and 
strained through bolting-cloth. The eggs thus obtained were 
washed with sea water four times by decantation and subsequently 
centrifuged to remove as much water as possible. Exactly 50 
gm. of the resulting egg mass were vigorously shaken with 75 cc. 
of distilled water and the suspension thus obtained was alter- 
nately frozen and thawed twice to insure complete cytolysis. 

Nucleic acid was isolated from the resulting mixture by the 
classical method of Levene (5) as follows: Sodium chloride (3.7 
gm.) was dissolved in the mixture, which was then faintly acidified 
with acetic acid. Finely powdered sodium hydroxide (3.7 gm.) 
and 3.7 gm. of crystalline sodium acetate were then added and the 
mixture heated in a boiling water bath until quite fluid. This 
required about 20 minutes. After being cooled to room tempera- 
ture, the solution was neutralized with acetic acid, precipitated 
by the addition of a slight excess of a saturated solution of picric 
acid, made distinctly acid to litmus with acetic acid, and filtered. 
The filtrate, which was definitely opalescent and could not be 
clarified by prolonged centrifugation, was poured into an equal 
volume of alcohol. After standing overnight, the resulting pre- 
cipitate was washed in the centrifuge with 50 per cent alcohol 
until free of picric acid, dehydrated in absolute alcohol, and dried 
in vacuo. The quantity of the crude product so obtained varied 
with different lots of eggs, the yield being from 0.09 gm. to 0.30 
gm. per 50 gm. of eggs. During the course of several seasons 
a total of 12.75 gm. of this crude nucleic acid was obtained from 
4820 gm. of eggs. 

Purification of Nucleic Acid—The composite material was red 
in color, due to the presence of echinochrome, the characteristic 
pigment of the Arbacia egg. This was readily removed by tri- 
turation with acetone, whereby a pure white product was obtained. 
Upon analysis this was found to contain 1.92 per cent of nitrogen 
and 0.94 per cent of phosphorus, about one-tenth the quantities 
expected for a nucleic acid. Several years ago the writer was 
able to isolate glycogen from the Arbacia egg (see Perlzweig and 
Barron (6)) and in view of the analytical figures given above it 
seemed likely that this substance was the impurity in the crude 
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nucleic acid. Consequently, the crude product was purified by 
the copper salt method which Levene (7) has found to be satis- 
factory for the separation of liver nucleic acid from glycogen. 

The crude product (12.4 gm.) was suspended in 600 cc. of water 
and brought into solution by the dropwise addition of 6 N sodium 
hydroxide. The opalescent solution so obtained was treated with 
20 per cent cupric chloride, as directed by Levene (7), and the 
copper nucleinate separated. The latter was decomposed with 
3 per cent alcoholic hydrogen chloride and the liberated nucleic 
acid again converted to the copper salt. This process had to be 
repeated three times before the nucleic acid obtained would yield 
a clear solution with sodium hydroxide. By this means 1.08 gm. 
of a pure white product were obtained. This was equivalent to 
(0.023 per cent of the original weight of the eggs. 

The purified product yielded a negative biuret reaction, negative 
tests for pentose, and a positive Feulgen (8) reaction. Upon 
analysis it was found to contain 16.35 per cent of nitrogen and 
10.13 per cent of phosphorus. Upon hydrolysis in the usual 
manner with 5 per cent sulfuric acid, 0.6212 gm. of the nucleic 
acid yielded 0.0708 gm. (11.4 per cent) of crude guanine and 
0.1653 gm. of adenine picrate, equivalent to 0.0631 gm. (9.87 
per cent) of adenine. The calculated values for a desoxyribose 
nucleic acid, C33Hs,NisP:Ox;, are respectively N 16.76, P 9.89, 
guanine 12.05, and adenine 10.77. 

Identification of Glycogen—The various mother liquors from the 
purification of the crude nucleic acid were combined and concen- 
trated in vacuo to a volume of 400 cc. A small quantity of in- 
soluble material was centrifuged off and the glycogen precipitated 
by the addition of an equal volume of alcohol. The precipitate 
was dissolved in a minimum of water and reprecipitated with 
alcohol. This process was repeated four times; then the product 
was washed with 50 per cent alcohol until free of chlorides, de- 
hydrated with absolute alcohol, and dried in vacuo over sulfuric 
acid. The resulting product (7.2 gm.) yielded typical reactions 
with iodine and orseillin-BB. Upon hydrolysis with nN hydro- 
chlorie acid, it yielded 97 per cent glucose, which was identified 
by the formation of the typical methyl phenylhydrazone. 

Pentose Nucleic Acid—In connection with some other experi- 
ments it was observed that when Arbacia eggs are heated with N 
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hydrochloric acid in a water bath the resulting fluid after de- 
proteinization with tungstic acid yields distinct tests for pentoses. 
Since recent investigations (Jones and Perkins (9), Jorpes (10)) 
have shown definitely that pentose nucleic acids occur in various 
mammalian tissues, and Calvery (11) has found such substances 
in chick embryos, it seemed possible that in the Arbacia egg such a 
substance might be responsible for the pentose reactions noted 
above. While no definite evidence can be offered to substantiate 
this, the following preliminary experiment is of interest in this 
connection. 

100 gm. of Arbacia eggs were ground in a mortar with 10 gm. of 
sand and 150 cc. of water. The resulting mixture was held over- 
night in an ice box, subsequently boiled for 15 minutes, and 
filtered. The residue was extracted with two 25 cc. portions of 
boiling water and these extracts added to the filtrate. The latter 
was cooled to room temperature and treated with 6 N acetic acid 
until no further turbidity developed. An equal volume of alcohol 
was added and the resulting precipitate, which settled rapidly, was 
centrifuged off, washed with 50 per cent alcohol, then with acetone 
to remove echinochrome, finally with absolute alcohol, and air- 
dried, 0.8 gm. of a pale yellow horny mass being so obtained. 
This was ground in a mortar with 50 cc. of 1.5 N sodium hydroxide 
previously cooled to 0°. An equal volume of ice water was added 
and the mixture placed in an ice box for 2 hours, with occasional 
shaking. At the expiration of this time a small quantity of a 
gummy material remained undissolved. Without separation of 
this, the mixture was acidified to litmus with acetic acid and shaken 
for a few minutes with 0.5 ec. of Merck’s 5 per cent “‘dialyzed iron.’”’ 
The filtrate, which was slightly opalescent, was made acid to Congo 
red with hydrochloric acid, precipitated with an equal volume of 
alcohol, and allowed to settle overnight. 

The snow-white rubbery precipitate so obtained was washed 
free of chlorides with 50 per cent alcohol, dehydrated with ab- 
solute alcohol, and dried in vacuo, whereby 0.17 gm. was obtained. 
This product yielded a strong biuret reaction; hence an attempt 
was made to purify it by the method of Osborne and Harris (12), 
which is stated to be an excellent method for the purification of the 
pentose nucleic acid obtained from yeast. The entire yield of the 
crude product was stirred with 2.5 cc. of warm 10 per cent sodium 
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acetate solution in which about one-third of the product dissolved 
to form an exceedingly viscous solution which could not be clarified 
by centrifugation. It should be noted that such behavior is quite 
different from that exhibited by even highly impure yeast nucleic 
acid under the same conditions. The solution was filtered and 
the filtrate diluted with 0.5 cc. of alcohol and made acid to Congo 
red by the addition of a few drops of 6 N hydrochloric acid. At this 
point a slight turbidity developed—not a distinct precipitate, as 
occurs with yeast nucleic acid under the same conditions. Upon 
standing overnight, a definite precipitate appeared. This was 
centrifuged off, was freed of chlorides, and dried in the same 
manner as were the earlier precipitates. The yield of the vacuum- 
dried product was only 0.02 gm. 

As at the time facilities for microanalysis were not available, 
only a qualitative examination of the product was feasible. It 
contained nitrogen, but yielded negative biuret and Feulgen 
reactions. 10 mg. of the substance were hydrolyzed by heating 
with 2 ec. of 5 per cent sulfuric acid on a water bath for 0.5 hour. 
The resulting solution was found to contain phosphorus, to yield a 
minute precipitate with ammonia (guanine?), a brown precipitate 
with ammoniacal silver nitrate, and a positive pentose test with 
phloroglucinol. The quantity of material available did not suffice 
for further examination, but it is hoped to extend these observa- 
tions in the near future. 


DISCUSSION 


From the foregoing it is evident that the unfertilized eggs of the 
sea urchin, Arbacia punctulata, contain a nucleic acid of the de- 
soxyribose type which appears to be identical with that which has 
been obtained from a variety of mammalian tissues, from chick 
embryos, and, more recently, from Mycobacterium tuberculosis 
(Coghill (13)). So far as the writer has been able to determine, 
this is the first time that such a nucleic acid has been isolated 
from an unfertilized egg or from an invertebrate source. 

With regard to the pentose derivative isolated from unfertilized 
Arbacia eggs, it should be noted that while its properties resemble 
those of a ribose nucleic acid, it has not been definitely charac- 
terized as such. Nevertheless the presence of a pentose derivative 
of this nature in the eggs is of interest in connection with the 
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recent conclusions of Brachet (14), who as a result of his investi- 
gations of the ova of another species of sea urchin, Paracentrotus 
lividus, Lamarck, has concluded that subsequent to fertilization 
desoxyribose nucleic acid is formed at the expense of a pentose 
nucleic acid initially present in the unfertilized egg. This in- 
teresting hypothesis is based upon this author’s findings that the 
quantity of desoxyribose nucleic acid in the unfertilized eggs is so 
small as to be analytically indeterminable, and that following 
fertilization the pentose content of the eggs decreases, while a cor- 
responding increase in desoxyribose nucleic acid occurs. 

In the case of the Arbacia egg, Brachet’s hypothesis appears to 
be untenable, for the quantity of the pentose derivative which 
we have been able to isolate is of essentially the same order of 
magnitude as the quantity of desoxyribose nucleic acid obtainable 
from the eggs. 


SUMMARY 


A nucleic acid of the desoxyribose type and a pentose derivative 
which may be a nucleic acid have been isolated in approximately 
equal amounts from the unfertilized eggs of the sea urchin, Arbacia 
punctulata. 


BIBLIOGRAPHY 
1. Tschernorutzki, H., Z. physiol. Chem., 80, 194 (1912). 
2. Massing, E., Z. physiol. Chem., 67, 161 (1910); 76, 135 (1911). 
3. Needham, J., and Needham, D. M., J. Exp. Biol., 7, 317 (1929). 
4. Mathews, A. P., Physiological chemistry, A text-book and manual for 
students, 4th edition, New York (1925). 
5. Levene, P. A., Z. physiol. Chem., 46, 370 (1905). 
6. Perlzweig, W. A., and Barron, E. 8. G., J. Biol. Chem., 79, 24 (1928). 
7. Levene, P. A., J. Biol. Chem., 68, 442 (1922). 
8. Abderhalden, E., Handbuch der biologischen Arbeitsmethoden, Abt. 


V, Teil 2, 1155, Berlin and Vienna (1932). 
9. Jones, W., and Perkins, M. E., J. Biol. Chem., 62, 291 (1924-25). 
10. Jorpes, E., Acta med. Scand., 68, 503 (1928). 
11. Calvery, H. O., J. Biol. Chem., 77, 500 (1928). 
12. Osborne, T. B., and Harris, I. F., Z. physiol. Chem., 36, 85 (1902). 
13. Coghill, R. D., J. Biol. Chem., 90, 59 (1931). 
14. Brachet, J., Arch. biol., 44, 519 (1933). 











TI 


By 


fer 


cul 








ve 
sly 
"a 
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Working with yeast extracts, Salmon, Guerrant, and Hays (1) 
found that vitamin G was adsorbed best by fullers’ earth at pH 
0.08, but considerable adsorption was possible even in the alkaline 
range, pH 12.0 being the highest employed. 

Kuhn, Gyérgy, and Wagner-Jauregg (2) have succeeded in elut- 
ing vitamin G from fullers’ earth activated after the method cited 
above (1) by the use of pyridine or ammonia, with the addition, 
preferably, of acetone or alcohol. They employed the Bourquin- 
Sherman vitamin G-free diet (3). In this manner, concentrated 
vitamin G preparations were obtained which were characterized 
by a yellow pigment with a green fluorescence, designated a flavine. 
The vitamin G activity was proportional to the intensity of the 
color. When such vitamin G concentrates were subjected to a 
second adsorption on fullers’ earth and a second elution, the vita- 
min G activity disappeared without loss of color (4). This was 
attributed to the separation from the vitamin or flavine of a color- 
less substance. Later, the same workers (5) postulated that the 
colorless component was vitamin B, (6), that the Bourquin-Sher- 
man vitamin G-free diet was low in vitamin B,, and that this 
vitamin had to be supplied to enable the vitamin G or flavine 
to exert its growth effect. Thus, addition of vitamin B, alone 
or the flavine alone was without appreciable effect, but the 
combination of the two had a great effect. Booher (7), who 
has prepared a similar vitamin G concentrate by an entirely dif- 
ferent method, and who also employed the Bourquin-Sherman diet, 


* Aided by grants from the Research Board and the College of Agri- 
culture of the University of California, and the Rockefeller Foundation. 
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did not find any need for vitamin B, to enable her concentrates to 
exert their growth-promoting action. 

Work on the concentration of vitamin G has been in progress in 
this Laboratory for some time by a technique of adsorption and 
elution from fuller’s earth, which, while similar to that employed 
in Kuhn’s laboratory, is sufficiently different to merit reporting. 

First Adsorption and Elution—A liver concentrate was prepared 
by extracting ground fresh hog liver' with boiling water, concen- 
trating in vacuo, and precipitating some of the impurities with 2 
volumes of 95 per cent ethyl alcohol and concentrating in vacuo 
so that 1 cc. equaled 10 gm. of fresh liver. This concentrate was 
used as the starting material for the work here reported. 0.3 cc. 
of this extract induced a maximal growth response in rats on the 
vitamin G-free diet. This diet consisted of casein? L-XII (8) 
27.0, Salt Mixture 185 (9) 4, sucrose 59, lard 10.0. 2 drops of cod 
liver oil’ daily furnished vitamins A and D and 0.2 cc. of Concen- 
trate 9-G (10) was used as a source of vitamin B, which possesses 
little vitamin G. This diet was fed rats 21 days of age until they 
became stationary in weight, as judged by cessation of growth for 
a period of 2 weeks. The time required for this varied from 40 to 
70 days. English fullers’ earth and domestic Florida fullers’ 
eartht were used as adsorbents. Adsorption was carried out 
without any addition of acid, and 10 and 20 per cent H,SO, 
solutions. The concentrate was diluted with 2 volumes of water 
before adding the acid and shaking with fullers’ earth. 20 gm. 
of fullers’ earth, used in two portions, was employed for each 100 ce. 
of the liver concentrate. Adsorption was as complete in 10 
minutes as in 30 minutes. Good adsorption was obtained from 
strongly acidified solutions and from solutions to which no acid 
was added. The English and the Florida fullers’ earths both 
served well as adsorbents, but in most of the work the Florida 
earth was used. 


! The liver was kindly donated by the Oakland Meat Packing Company, 
Oakland, California. 

? The casein was obtained through the California State Dairy Council, 
to whom and its executive officer, Mr. Sam Green, we wish to express grate- 
ful acknowledgment. 

’ The cod liver oil was kindly donated by E. R. Squibb and Sons, New 
York. 

‘ The Florida fullers’ earth was kindly given to us by the Durkee Famous 
Foods, Inc. 
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For the first elution, 10 gm. of activated fullers’ earth were 
shaken about 15 minutes with 100 ec. of 10, 50, or 100 per cent 
diethylamine previously cooled below 10°, and centrifuged. This 
was repeated once. The combined extracts were concentrated 
in vacuo so that 1 ce. equaled 1 cc. of the original liver concentrate. 
0.2 per cent NaOH was also used. In this case the alkali was 
neutralized by the addition of sufficient H,SO, to make it alkaline 
to Congo red and acid to methyl red. This slightly acid extract 
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Cuart I. First eluates. Graphs showing the gains in weight when pairs 
of rats were fed various eluates of vitamin G from different preparations of 
fullers’ earth. Curves A, animals fed eluate with 10 per cent diethylamine ; 
Curves B, with 50 per cent diethylamine ; Curves C with 100 per cent diethyl- 
amine. The eluates were made from our activated English fullers’ earth 
which was prepared by shaking the earth with a diluted liver concentrate 
containing 20 per cent H,SO,. Curves D, animals fed the eluate prepared 
with 10 per cent diethylamine from a Florida fullers’ earth shaken with a 
diluted liver concentrate containing 10 per cent H,SO,. Curves E, animals 
fed the eluate prepared with 10 per cent diethylamine from a Fiorida fullers’ 
earth shaken with a diluted liver concentrate without acid addition. 
Curves F, animals fed the eluate prepared with 0.2 per cent NaOH from an 
activated Florida fullers’ earth prepared for Curves E. The equivalent of 
0.5 ee. of the liver concentrate was fed in all cases. 


was evaporated in vacuo in the same manner as the diethylamine 
extracts. Potent first eluates were obtained by both methods. 
Chart I shows the results of eluting vitamin G under different 
conditions from activated fullers’ earth prepared in different ways. 

Thus, regardless of the earths employed or of the method of 
activating them, 10 or 50 per cent diethylamine or 0.2 per cent 
NaOH yielded good eluates of vitamin G. 100 per cent diethyl- 
amine failed to do so. 

Second Adsorption—Second adsorptions were carried out at dif- 
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ferent ranges of acidity. The fullers’ earth was shaken with the 
vitamin G concentrate (first eluate), and the pH adjusted by add- 
ing H,SO, or diethylamine. The pH adjustments were made 
roughly with indicators. Both the activated fullers’ earths 
(second adsorbates) and residual filtrates were fed. The results 
obtained are shown in Chart II. It will be seen that good adsorp- 
tion was obtained at all ranges of acidity tried up to pH 8, when 
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Cuart II. Graphs showing the gains in weight when pairs of rats were 
fed activated Florida fullers’ earths (second adsorbates) and the corre- 
sponding residual filtrates prepared by shaking the earth with liver con- 
centrates (first eluates) at different acidities, ranging from pH 1 to 10. 
The concentrates were first eluates prepared with 10 per cent diethyl- 
amine from a Florida fullers’ earth activated without acid addition. The 
pH adjustments were made with H,SO, and diethylamine. The equivalent 
of 04 cc. of liver concentrate was fed in all cases. 


the adsorption was incomplete or destruction of some of the vita- 
min G took place. At pH 10, much of the vitamin G activity 
remained in the filtrate. 

Second Elutions—The activated fullers’ earth obtained from a 
second adsorption was eluted with 10 per cent and 50 per cent 
diethylamine as described for the first elution, with the results 
indicated in Chart III. With respect to the dosage essential for 
growth, it will be seen that the second eluates were of low potency. 
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Location of Losses—It was evident from the low potency of the 
second eluates that vitamin G was either being destroyed or 
removed in some of the fractions separated. It was important to 
locate the places where losses occurred. A large amount of liver 
concentrate was fractionated and all the fractions with the excep- 
tion of the first adsorbates and spent earths were fed at the same 
time to a large group of rats of the same age in order to obtain 
comparable results. The accompanying diagrammatic scheme 
was followed for the fractionation. These results are depicted in 
Chart IV, A. 
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Cuart III. Graphs showing the gains in weight when pairs of rats were 

fed different levels of second eluates prepared with 10 and 5O per cent 

diethylamine. The activated fullers’ earths used for the elutions were pre- 
pared without acid addition and were approximately pH 6.4. 


A second series of fractionations was carried out in which all 
elutions were made with 50 per cent diethylamine. These results 
are shown in Chart IV, B. 

A third series of fractionations was made in which all the adsorp- 
tions were made from 10 per cent H,SQ,, and elutions were made 
with 10 per cent diethylamine. These results are shown in 
Chart IV, C. 

With the exception of the residual filtrates which were fed at the 
level equal to 0.6 ec. of the original liver concentrate, two levels of 
the various fractions were fed, all equivalent to 0.1 and 0.3 ce. of 
the liver concentrate. It became evident at once that so much 
vitamin G was lost in the residual filtrates (Curves 3) from the 
first adsorption, with or without acid, that the level of 0.1 ce. of 
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Cuart IV. Graphs showing composite gains in weight when each of 
three 85 day-old rats was fed the fractions noted below. They show the 
losses of vitamin G in the various steps of the fractionation procedure em- 
ployed. Florida fullers’ earth was used in all cases. A shows the results 
obtained when 10 per cent diethylamine was used as the eluting agent, and 
B when 50 per cent diethylamine was used. In both sections, no acid addi- 
tions were made in the fullers’ earth adsorptions. In C adsorptions were 
made from 10 per cent H,SO, solution, and elutions were made with 10 per 
cent diethylamine. In all the sections, the curves follow the same order. 
Curves 1, 0.1 cc. of liver concentrate; Curves 2, 0.3 cc. of liver concentrate; 
Curves 3, 0.6 ce. of residual filtrate after the first adsorption with fullers’ 
earth; Curves 4, 0.3 cc. of the first eluate, equivalent to 0.3 cc. of liver 
concentrate; Curves 5, 0.6 ec. of the first eluate, equivalent to 0.6 ce. of 
liver concentrate; Curves 6, activated fullers’ earth, the second adsorbate 
of a first elution and equivalent to 0.3 cc. of liver concentrate; Curves 7, 
activated fullers’ earth, the second adsorbate of a first elution and equiva- 
lent to0.6 cc. of liver concentrate ; Curves 8, 0.6 cc. of residual filtrate from the 
second adsorption of Curves 6 and 7; Curves 9, 0.3 ec. of a second eluate, 
equivalent to 0.3 cc. of liver concentrate; Curves 10, 0.6 ce. of a second 
eluate, equivalent to 0.6 cc. of liver concentrate. The small lines crossing 
the Curves 5, 7, and 10 indicate the points at which the level of vitamin G 
was changed from the equivalent of 0.1 cc. to0.6 cc. of the liver concentrate. 
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subsequent fractions would have no value. Since about one-half 
the potency was lost in the first adsorption, the 0.1 ec. equivalent 
level was changed to 0.6 ce. equivalent in all fractions after and 
including the first elution. Why so much of the vitamin G activity 
was left behind in the first adsorption has not yet been determined. 
The loss in the first elution does not seem to be as great as in the 
first adsorption. Some loss oceurs in the second adsorption, and 
again some in the second elution. The low potencies of the second 


Liver concentrate (Curves 1, 2, Chart IV) 
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Spent fullers’ earth Second eluate (Curves 9, 10) 
(disearded) 


eluates are thus explained by the large loss in the first adsorption, 
and subsequent smaller losses. 


DISCUSSION 


Allowing for the difference in methods used in the adsorption of 
vitamin G on fullers’ earth and its elution therefrom, the question 
can still be raised as to why Gyérgy, Kuhn, and Wagner-Jauregg 
(4) find no potency in their second eluates when definite though 
lowered vitamin G potency has been established in the second 
eluates described above. They contend that the Bourquin- 
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Sherman diet is low in vitamin B, (5), but Bourquin’s (11) results 
indicate an abundance of vitamin B, in the Bourquin-Sherman 
diet, because when this diet was supplemented with autoclaved 
yeast, excellent growth was obtained. Booher (7) did not find any 
vitamin B, deficiency in the Bourquin-Sherman diet when testing 
her vitamin G concentrate from whey. The claim, therefore, 
that the Bourquin-Sherman diet is deficient in vitamin B, remains 
to be explained. 

Since vitamin G is readily eluted from fullers’ earth with dilute 
NaOH, the question may well be raised as to why pyridine (2) was 
resorted to in eluting vitamin G from fullers’ earth in place of the 
more convenient NaOH. The probable explanation lies in the 
supposed difficulty in eluting vitamin G from fullers’ earth, since 
Narayan and Drummond (12) did not succeed in eluting it from 
an activated fullers’ earth with Ba(OH)s. 


SUMMARY 


Vitamin G can be adsorbed by fullers’ earth and eluted with 
either diluted diethylamine or sodium hydroxide. 


Addendum—Since this manuscript went to press, Booher (13) has added 
to our information on vitamin G. The vitamin G potency of her concen- 
trate was so closely associated with the yellow pigment having green 
fluorescence as to support the concept of their identity Her pigment, 
however, differs from that of Kuhn and coworkers in chemical composition, 
absorption spectrum, and, most important of all, biological behavior. The 
pigment of Kuhn and collaborators will not support growth when adminis- 
tered to vitamin G-deficient rats on the Bourquin-Sherman diet, whereas 
Booher’s pigment invariably does this. 

Another paper appearing at the same time by Booher, Blodgett, and 
Page (14) contains the interesting information that crystalline vitamin B 
and a vitamin G concentrate will not support appreciable growth, indi- 
cating the existence of another member of the vitamin B complex. The 
other member is contained in autoclaved yeast and in the alcoholic extract 
of whole wheat used in the Bourquin-Sherman diet as the source of vitamin 
B. It is more heat-stable than vitamin B. The availability of highly 
purified preparations of vitamin G has therefore brought prominently to 
the fore two other factors of the vitamin B complex, vitamin B, in Kuhn's 
laboratory and another factor demonstrated by the work of Booher, Blod- 


gett, and Page. 
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THE DETERMINATION OF GLYCINE IN PROTEINS* 
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Very few methods for the determination of glycine have been 
published. Fischer’s method (1) suffers from the usual inade- 
quacies of isolation methods: requiring a large amount of protein, 
being extremely long and tedious, and yielding only minimal 
values. Other isolation methods which have been proposed present 
equally great difficulties. 

Zimmerman (2) has described a color test whereby a violet color 
is produced through the interaction of o-phthalic dialdehyde and 
glycine. This test is, however, not specific, since colors are pro- 
duced with certain other amino acids. Recently Klein and Linser 
(3) have modified Zimmerman’s test, and their modification ap- 
pears to be specific and quantitative for glycine. 

If the o-phthalic dialdehyde reagent is added to a solution of 
glycine which has been made slightly alkaline and, after standing 
for a time, this mixture is acidified, a dark green color and pre- 
cipitate are formed. The precipitate dissolves if a little aleohol 
is added. Certain other amino acids, if present in the solution, 
produce red or violet colors. However, the green glycine com- 
pound can be quantitatively extracted by chloroform, the colored 
compounds formed by the other amino acids being left behind 
in the aqueous solution. Klein and Linser have shown that 
colors are produced by glycine, tryptophane, cystine, arginine, 
alanine, asparagine, and ammonium salts, but that only the colors 
produced by glycine, tryptophane, and the ammonium ion are 
extracted by chloroform. They found that the following sub- 
stances produce no color: valine, leucine, tyrosine, serine, phenyl- 


* Published as paper No. 1312, Journal Series, Minnesota Agricultural 
Experiment Station. 
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serine, asparagine, aspartic acid, glutamic acid, lysine, proline, 
oxyproline, trans-betaine, trigonelline, nicotinic acid, choline, 
dimethylamine, diethylamine, dibutylamine, trimethylamine, 
triethylamine, and tripropylamine. Thus the only protein con- 
stituents which interfere with the test for glycine are tryptophane 
and the ammonium ion, which must be removed from the amino 
acid mixture before glycine can be estimated. 

Before the test of Klein and Linser (3) could be used as a quan- 
titative method for glycine, a method had to be developed for 
obtaining the protein hydrolysate in suitable form. Details for 
such a method, lacking in Klein and Linser’s paper (3), are pre- 
sented under “Experimental.’’ Klein and Linser suggested the 
removal of tryptophane by precipitation with mercuric sulfate. 
Mercuric sulfate does not remove the tryptophane quantitatively. 
Furthermore, it is difficult to remove traces of excess mercuric 
sulfate and hydrogen sulfide, which influence the outcome of the 
color reaction. I have found that benzaldehyde removes trypto- 
phane quantitatively, does not interfere with the color reaction, 
and is easily removed by distillation. The final color test is 
essentially that of Klein and Linser (3), but it is simplified and 
standardized for greater convenience in use. Original determina- 
tions on a number of proteins are presented in this paper. 


EXPERIMENTAL 


Preparation of Protein Hydrolysate—3 gm. of protein are placed 
in a 300 ec. Kjeldahl flask, 50 cc. of constant boiling hydrochloric 
acid are added, a reflux condenser is attached, and the mixture is 
gently boiled in an air bath over an electric hot-plate. As soon 
as the protein is dissolved in the acid, 1 cc. of benzaldehyde is 
added.' After boiling for 24 hours, the mixture is washed into a 


! Holm and Gortner (4) have shown that tryptophane is quantitatively 
removed by hydrolyzing the protein in the presence of benzaldehyde. That 
benzaldehyde removes the tryptophane, without disturbing the glycine 
content, is shown by the following experiments. Dilute (0.1 per cent) solu- 
tions of glycine and of tryptophane were prepared. Aliquots were boiled 
in separate flasks for 24 hours with 50 cc. of constant boiling hydrochloric 
acid and 1 ec. of benzaldehyde. At the end of the time the tryptophane 
solution was colorless but contained a dark, plastic, insoluble mass. The 
glycine solution was clear and colorless. The quantitative colorimetric 
procedure as described in this paper was then applied, both to the original 
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liter Claisen flask, and vacuum-distilled in a water bath at 65° 
until a paste remains. This removes the benzaldehyde and most 
of the free hydrochloric acid. The residue is then diluted with 
100 ec. of water, and a few ec. of butyl alcohol, to prevent foaming, 
and an excess of sodium bicarbonate are added. The resulting 
alkaline solution is then vacuum-distilled (40-50° and < 30 mm. 
pressure) to remove ammonia, which interferes with the glycine 
color reaction. When a volume of about 20 cc. is reached, sodium 
chloride begins to precipitate. The solution is quickly filtered 
with suction, and the carbonate and chloride precipitate is washed 
with a few cc. of 70 per cent alcohol. This filtrate is then neutral- 
ized with hydrochloric acid, litmus paper (pH 6 to 8) being used. 
This neutral solution is again reduced in vacuo to about 10 cc. 
It is again quickly filtered on a small Witt plate, with suction, and 
the sodium chloride precipitate is again washed with a few cc. of 
70 per cent alcohol. The filtrate is then diluted to 100 cc. with 
water, and total nitrogen is determined on aliquots by the Kjeldahl 
method. The solution is now ready for the colorimetric procedure. 

Colorimetric Method for Glycitne—5 ec. of the amino acid solution 
to be tested are measured into a 30 cc. test-tube. Into another 


test-tube are measured 5 ec. of a zein hydrolysate (blank) and 1 ce. 
of standard glycine solution containing 1 mg. of pure glycine. 
The contents of each test-tube are treated as follows: 2 cc. of 
mM/15 phosphate buffer of pH 8.0 are added. Immediately 5 cc. 
of glycine reagent? are added. The contents are thoroughly mixed 





solutions and to the aliquots which had been treated with benzaldehyde. 
The colorimetric readings showed that glycine was recovered 100.0 per 
cent. The tryptophane solution which had been boiled with benzaldehyde- 
hydrochloric acid, on the other hand, failed to give any of the usual blue- 
green color, showing that the tryptophane had been quantitatively removed. 
*A Kahlbaum preparation labeled ‘‘phthalaldehyd, ortho’’ was used. 
2 gm. were placed in 300 cc. of water and the mixture distilled at an atmos- 
pheric pressure over a free flame or hot-plate. The first 200 ec. of the dis- 
tillate are the reagent employed. It should be kept in a brown bottle until 
used. Experience has shown that this reagent is still satisfactory after 
several months standing. If this chemical is not readily obtainable, the 
reagent may be prepared from o-tetrabromo-o-xylene. 10 gm. of the latter 
and 9 gm. of erystalline potassium oxalate are refluxed with 62 cc. of water 
and 62 ce. of alcohol for 40 hours, at the end of which time 50 cc. of the alco- 
hol are distilled off. 10 gm. of sodium phosphate and 300 cc. of water are 
then added, and from the mixture 300 cc. of liquid are distilled, as noted 
above. This distillate is used as the glycine reagent (Zimmerman (2)). 
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by shaking, and allowed to stand. At the end of 2 minutes 5 cc. 
of a mixture of 60 ce. of aleohol and 10 ec. of concentrated sulfuric 


Tass I 
Analysis of Purified Proteins 
Glycine per 100 gm. protein 
Colorimetric 


determination 

Ere 

ment 1 | ment 2 
om. gm. 


0.0 | 0.0 








Isolation 
Values by other inves- 
tigators 





0. 0.655) 


1.203 1.si 
22.2 |22.2 | 16.5 (9), 19.25 (10), 
25.5 (11) 

Barley 0.0 | 0.0 0.00 (12, 13) 

Milk 0.50} 0.51 | 0.00 (14), 0.45 (15) 
Hempseed | 1.60 | 1.76] 3.8 (16) 

Peanut 3 2.05 | 0.0 (17) 

Milk : 0.0 
Sorghum . 0.0 
Wheat ; 0.68 (18), 0.00 (19), 
0.00 (20) 

Oat . : 
Rye ’ 0.13 (21) 


Milk Y ‘ 0.37 (22) 
Corium ‘ , 
Soy bean ; , 0.97 (23) 


. 1.2 (24) 
Blood 0.81 F 
Wheat 0.81 ; 0.89 (19), 0.41 (25) 
Oat 1.09 | 1. 
Maize 0.75 | 0. 0.25 (7) 

Egg 0.81 | 0. 1.1 (26), 0.0 (27) 

. 1.75 | 1. 0.0 (28, 29) 
Blood 0.41 

















acid, freshly mixed and cooled, are added. After thoroughly 
mixing, 10 cc. of chloroform are added. The stoppered tubes are 
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shaken vigorously for half a minute. The chloroform layer is 
allowed to settle. With a dry pipette, 5 cc. of the green chloroform 
solution are removed from the bottom layer and placed in a colorim- 
eter cup. To this is added 1 cc. of alcohol, and the solution is 
stirred with a smal] glass rod until all turbidity has disappeared. 
The standard solution is treated in the same manner, and the 
colors are compared in the colorimeter. The amount of standard 
glycine solution is adjusted on subsequent tests so that with the 
standard at 20 mm. the unknown reads between 15 and 25 mm. 

Comments—A much smaller sample of protein than 3 gm. may 
be used if necessary. The hydrolysate must be neutralized with 
great care, since the ensuing color test is very sensitive to differ- 
ences in reaction of the hydrolysate. If the hydrolysate is allowed 
to remain alkaline for atime before the buffer is added, the amount 
of green color produced is considerably weakened. If, on the 
other hand, the solution remains acid after the buffer solution has 
been added, no color is produced by the glycine reagent. The 
omnipresent straw to brown color found in protein hydrolysates 
does not interfere with the color test, because it does not dissolve 
in the chloroform layer which dissolves the green glycine com- 
pound. It was found that using the practically colorless zein 
hydrolysate in the blank with added standard glycine solution 
gave a color which matched most proteins better than did standard 
glycine alone. 

Analyses of Proteins—In Table I are shown analyses of a repre- 
sentative series of proteins. Values for total nitrogen, humin 
nitrogen, and ammonia nitrogen were available from previous 
analyses of the same samples. Toe correct the glycine values for 
losses of humin nitrogen and ammonia nitrogen, as well as for 
mechanical losses (see second term in the equation), the following 
calculation was employed. 





Weight of glycine in final hydrolysate 
Weight of protein taken 





total N in protein taken — (humin N + \ammonia N) x 100 
total N in final hydrolysate — 
= gm. glycine per 100 gm. protein 
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SUMMARY 


A method is presented for preparing a protein hydrolysate for 
the colorimetric determination of glycine, including an improved 
method for the quantitative removal of tryptophane. 

The colorimetric test of Klein and Linser (3) is simplified and 
standardized for greater convenience in use. 

Original determinations of the glycine content of a number of 
proteins are presented. 
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THE ADENINE NUCLEOTIDE CONTENT OF HUMAN 
BLOOD 
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Although the occurrence of adenine nucleotide in human blood 
has been known since 1914 (1), there are available only few data 
illustrating its quantitative relationships. All of these data are 
subject to serious criticism because a simple accurate method for 
its determination has not yet been devised. Interest in the chemis- 
try and physiology of the compounds of adenine has been stimu- 
lated by a series of discoveries; namely, the function of the pyro- 


phosphate of adenylic acid in glycolysis, the stimulation of white 
cell production by compounds of adenine, and the pharmacological 
effects of such compounds on heart and other tissues. 

In the present paper there is presented a revision of the method 
of Buell and Perkins (2) for the determination of adenine nucleo- 
tide in blood, together with a series of quantitative observations 
on its occurrence in normal human blood. 


Determination 
In principle, the method now used is identical with that pre- 
viously reported (2). The protein precipitant has been changed. 
Minor changes have been made with the object of adapting the 
procedure to rapid and simple analysis. 
Reagents 
1. Trichloroacetic acid, 100 gm. per liter. 
2. Phenolphthalein, 0.1 per cent in alcohol. 
. Sodium hydroxide, approximately 2.5 N. 
4. Dilute acetic acid, approximately 0.5 N. 
5. Disodium phosphate, saturated solution. 
273 
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6. Dilute sulfuric acid, prepared by addition of 60 cc. of con- 
centrated acid to 1 liter of water. 

7. Dilute ammonium hydroxide, prepared by addition of 100 cc. 
of the 28 per cent solution to 1 liter of water. 

8. Veronal buffer containing per liter of saturated benzoic acid 
solution 30 gm. of sodium veronal and 20 gm. of sodium acetate 
(NaCH;COO.-3H,0). 

9. Ammoniacal silver nitrate solution prepared by addition of 
just enough concentrated ammonium hydroxide to a 2 per cent 
silver nitrate solution to redissolve the brown precipitate first 
formed. 

10. Gum ghatti solution, 20 gm. per liter. The solution should 
be clear and nearly colorless. After this solution has stood for 
several weeks it appears to be stable. 

11. Silver reagent, prepared by mixing, just prior to use, 2 vol- 
umes of gum ghatti solution, 1 volume of ammoniacal silver 
nitrate, and 1 volume of veronal buffer. 

12. Stock standard adenine sulfate solution containing per 100 
ec. 26.5 mg. of pure crystalline adenine sulfate, (CsHsNs5)2H.SO,° 
H,O, and 20 ce. of saturated benzoic acid solution. Each 
ec. of this solution represents 0.5 mg. of adenine nucleotide, 
CioHisNsPO;- HO. 

Detailed Directions—Pipette 1 volume of whole oxalated blood 
as soon as it is drawn into 4 volumes of trichloroacetic acid. 
Shake vigorously and allow to stand for 20 minutes before filtering. 
Pipette 10 cc. of filtrate into a graduated 15 ec. centrifuge tube; 
add 1 drop of phenolphthalein and enough sodium hydroxide to 
give an alkaline reaction. Mix thoroughly with a slender glass 
rod. Add just enough acetic acid to discharge the pink color, 1 
drop of phosphate solution, and 0.5 cc. of uranyl nitrate. Mix 
thoroughly and allow to stand for 30 minutes. Withdraw the stir- 
ring rod and keep it for the next procedure. Centrifuge at 
moderate speed for 10 minutes, decant, and discard the supernatant 
liquid, allowing the tube to drain for 1 minute. Wash the precipi- 
tate by adding 5 ec. of water, 1 drop of phosphate solution, and 
0.3 ce. of uranyl! nitrate solution, using the same glass rod for mix- 
ing. Rinse the rod with water from a wash bottle. Centrifuge 
for 10 minutes and discard the supernatant liquid. To the precipi- 
tate add 1 ce. of sulfuric acid, mixing with a glass rod until solution 
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is complete. Add enough water to make the volume2cc. Allow 
the rod to remain in the tube. Heat the tube in a vigorously 
boiling water bath for 45 minutes. Cool the tube and add from 
a burette enough ammonium hydroxide to precipitate the uranium 
quantitatively.' When near the end-point add a minute square 
of red litmus paper and continue to add the reagent until 1 drop 
turns the test paper definitely blue. Add water to make the total 
volume 5 ce., and mix thoroughly. Centrifuge the tube for 10 
minutes and decant the supernatant solution into a second gradu- 
ated centrifuge tube.? Adjust the volume of the solution to 4 ce. 
by removing the excess liquid with a pipette provided with a 
rubber bulb. Add 0.5 cc. of buffer solution and mix thoroughly.* 
Centrifuge once more and decant into a third centrifuge tube. 
Adjust the volume to 4 ce. 

Next precipitate simultaneously the silver purine in standards 
and unknown. Set up two standards by pipetting 0.5 cc. and 1.0 
cc. of stock standard adenine sulfate solution respectively into 
graduated centrifuge tubes. To each add 1 drop of phosphate, 
0.2 ce. of uranyl nitrate, and 1.0 ce. of sulfuric acid. Add ammo- 
nium hydroxide to the standards and treat them exactly as 
described for the unknown. To standards and unknown add 
rapidly 2 cc. of silver reagent in such a way as to insure instantane- 
ous mixing.‘ Immediately pour the entire contents of the tube 
into a meticulously clean micronephelometer cup. Always check 
one standard against the other in the nephelometer. Compare 
the unknown with the appropriate standard,’ and read the con- 


1 A soluble colored indicator cannot be used because it is essential to have 
a colorless solution for nephelometry. With experience the approach of the 
end-point can be gaged by observation of the change in color of the pre- 
cipitate from a cream-yellow to orange. 

* The solution at this point should appear clear and colorless. After 
addition of the next reagent it is centrifuged again to collect and eliminate 
any particles which may have been mechanically carried over. 

7 If insufficient ammonium hydroxide has been added that fact will be 
apparent by the clouding of the solution at this point. 

‘ This is accomplished by blowing the reagent forcibly from a pipette 
having a large orifice. The pipette is held with the tip just inside the mouth 
of the tube. 

* In the experience of the author, with the dilute standard set at 20 in the 
nephelometer, the strong standard is regularly read at 8.5 instead of at 10 as 
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centration of the unknown from an experimentally constructed 
graph. The calculation is simple. Because standard and un- 
known are treated alike, the mg. of nucleotide in the unknown 
(read from the graph) is the quantity present in the 10 cc. of fil- 
trate (2 ec. of blood) analyzed. 


DISCUSSION 


All methods heretofore devised for the determination of adenine 
nucleotide in blood have been subject to criticism in one or more 
respects: (1) use of an inappropriate protein precipitant (Jackson 
(3), Buell and Perkins (2)) and (2) failure to isolate specifically the 
compound to be estimated (Jackson (3), Kerr and Blish (4), and 
others). The nephelometric determination of the silver purines 
offers two advantages over the determination of the nitrogen con- 
tent of the cuprous compounds, namely greater specificity and 
simplicity. Since the reactions involved are given by all purine 
nucleotides, the results may be interpreted in terms of adenine 
nucleotide only because it is believed to be quantitatively the 
principal nucleotide present in blood (2). Buell and Perkins (5) 
found evidence of another purine nucleotide in pig blood. 

The criticism of Kerr and Blish (4), that the precipitation of 
purines by ammoniacal silver nitrate may be incomplete, is open 
to question but in any event it is not pertinent in these circum- 
stances because standard and unknown are treated alike. Kerr 
and Blish (4) made the interesting observation that a trichloro- 
acetic acid filtrate contains more nucleotide than a tungstic acid 
filtrate from the same blood. Accordingly, trichloroacetic acid 
has been adopted as the protein precipitant. 

In the hands of the author the nephelometric method has been 
as satisfactory as the usual microdetermination. Rarely do 
duplicate determinations vary more than 5 per cent. It has been 
established experimentally that not only may standard solutions 
of adenine nucleotide be analyzed accurately, but also that such 
solutions, when added to whole blood, may be recovered quan- 
titatively. 





would be expected if strict proportionality obtained. By means of a graph 
results may be interpreted accurately. A separate graph must be con- 
structed for each set of experimental conditions. 
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Rothmann (6) reported the results of the analysis of 200 patho- 
logical bloods for adenine nucleotide. Unfortunately he used the 
Jackson (3) method and consequently his results cannot be inter- 
preted. He did, however, report an indefinite correlation between 
nucleotide and red cell count. Parnas (7) and Mozolowski (8) 
criticized the results of Buell and Perkins (2) on the ground that 
the authors were unaware of the rapid deaminization of adenine 
nucleotide in blood. They did not note the fact that the bloods 
(with the exception of beef blood) were deproteinized as soon 
as drawn. 


Nucleotide Content of Blood 


Procedure—The method described has been used in the study of 
the bloods of a series of normal individuals. The subjects were, 
with few exceptions, medical students, internes, nurses, and labora- 
tory workers, most of whom were in the third or fourth decade, 
and were leading active indoor lives. The bloods were drawn from 
the cubital vein into bottles containing 2 mg. of potassium oxalate 
per ec. of blood used. The moment that the blood was drawn it 
was deproteinized for the estimation in duplicate of adenine nucleo- 
tide. In addition, determinations were made of the hematocrit, 
red cell count, and hemoglobin. The latter will be discussed in the 
consideration of the nucleotide content of anemic bloods to be 
reported upon shortly. 


Results 


In Tables I and II are given the detailed results obtained in the 
study of 50 normal bloods, collected from seventeen individuals. 
Altogether 107 bloods, representing 70 individuals, were analyzed 
and the results used in the calculations of the normal range of ade- 
nine nucleotide. Many of these results have been omitted for 
lack of space. Those which have been reported were chosen 
because they represented extreme variations or because of the fact. 
that there were available a number of observations on the same 
individual. Purine nucleotide is reported in terms of mg. of crys- 
talline adenine nucleotide, C;joHi;N;PO;-H,O, per 100 cc. of whole 
blood and also per 100 cc. of red corpuscles. If nucleotide nitrogen 
is desired, these numbers may be multiplied by the factor 0.20. 

In the calculation of the mean or average nucleotide concentra- 
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tions only one value was used for each individual. Wherever 
more than one observation was available for an individual the 
average of all his determinations was used. Per 100 ce. of whole 
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Adenine Nucleotide Content of Normal Human Blood of Male 
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blood the average adenine nucleotide content for males was 31 mg., 
for females 26 mg. The difference between the means of males 
and females is, therefore, 5 mg. per cent. The usual test for the 
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significance of this difference (difference divided by standard 
deviation of difference) shows that there is only a very small chance 
for the observed difference to be due to random sampling. It may 


Tasie II 
Adenine Nucleotide Content of Normal Human Blood of Female 
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* These bloods were drawn on the Ist or 2nd day of menstruation. 


be concluded, therefore, that the nucleotide concentration per 
volume of whole blood is higher in males than in females. 
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The variability of the nucleotide concentration for different 
individuals, measured in terms of the standard deviation of the 
distribution, was for females 3.07 mg., and for males 2.63 mg. 
Thus, the individual variation for females is slightly greater than 
that for males; a test of this difference shows it to be statistically 
insignificant, however. 

Although the number of cases on which the analysis is based is 
not large, it seems desirable to set up tentative standards for the 
normal range of the concentrations of adenine nucleotide in whole 
blood. On the assumption, then, that the concentration of this 
substance forms a “normal’’ distribution, it is estimated that 90 
per cent of the cases for normal males will fall between the limits 
of 27 and 36 mg. per 100 ec. of whole blood, whereas the same 
proportion of cases for normal females will fall between the limits 
of 21 and 32 mg. per cent. According to this analysis 5 per cent 
of the cases may be expected to fall above the upper limits given 
and 5 per cent below the lower limits given. It is necessary to 
exercise considerable caution in the too rigid interpretation of 
these ranges as marking the limits of the concentration of nucleo- 
tide in normal individuals. The limits, however, do furnish a 
working basis for study of the nucleotide under various conditions. 

More important than the concentration of nucleotide in whole 
blood is its concentration in the cells of the blood. That the 
nucleotide occurs normally only in the cells may be inferred from 
the observation of the author in 1923 (9) that the organic acid- 
soluble phosphorus of normal blood (which includes adenine nucle- 
otide) was found almost exclusively in corpuscles. This thesis 
has been supported experimentally in other ways. Whatever may 
be the nucleotide content of normal white cells, their occurrence 
in normal blood is quantitatively unimportant in comparison with 
red cells. Essentially, then, the nucleotide of normal blood, like 
the hemoglobin, is located in the red corpuscles and it becomes 
appropriate to consider the nucleotide concentration in the red 
corpuscles. This has been done with the following results. The 
mean or average nucleotide concentration per 100 cc. of red cor- 
puscles equals for males 66 mg. and for females 64 mg. It is 
apparent that the difference between males and females in the 
concentration of nucleotide per given volume of corpuscles is not 
nearly so great as the difference between the sexes when the 
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nucleotide is measured per given volume of whole blood. The 
usual test of the significance of the difference between males and 
females of the corpuscular concentration of nucleotide shows, 
furthermore, that the observed difference may be accounted for 
easily by the fluctuation of random sampling. Therefore, the 
apparent difference between the sexes in the nucleotide content of 
whole blood is associated with the fact that males have more red 
corpuscles and a correspondingly greater volume of red cells per 
unit volume of whole blood than do females. 

Since there is no sex distinction in the corpuscular nucleotide 
concentration, a frequency distribution curve may be constructed 
for both sexes together. Such a graph, which is omitted for lack 
of space, indicates roughly the variation which may be expected 
in corpuscular concentration of adenine nucleotide in presumably 
normal individuals. It shows that corpuscular nucleotide con- 
centrations of from 60 to 70 mg. per cent occur most frequently 
but that concentrations of 50 to 80 mg. per cent may occur. 
In setting up tentative normal values for the corpuscular con- 
centration of nucleotide, therefore, it may be assumed that the 
average for both sexes together, 65 mg., may be used for either sex. 
In estimating the range of normality it is found that 90 per cent 
of the cases-will fall between the limits of 56 and 74 mg. per cent; 
or that theoretically 5 per cent of the cases will fall above 74 mg. 
and 5 per cent below 56 mg. 

A parallelism is afforded between the concentrations of hemo- 
globin and adenine nucleotide in whole blood and red cells in the fol- 
lowing respect. It is a well known fact that the mean hemoglobin 
content of the whole blood of males is greater than that of females 
but that the mean corpuscular hemoglobin concentration is the 
same for both sexes. It now appears that these relations hold also 
for the adenine nucleotide of normal blood. The relative con- 
stancy of the corpuscular nucleotide concentration suggests that 
the nucleotide, like hemoglobin, is a characteristic normal con- 
stituent of the red cell. 

In setting up standard normal values for women consideration 
must be given to the possible influence of menstruation on the 
nucleotide content of the blood. Certain pertinent data (10) are 
already in the literature, but since they were obtained with the 
Jackson method they have no meaning. In Table II, the observa- 
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tions which are designated by an asterisk were made on the Ist 
or 2nd day of menstruation. Several observations were made on 
these same individuals, for comparison, at different intervals in the 
sexual cycle. Although only a few cases were studied in this way, 
no significantly greater variations were observed than were found 
with a similar group of males studied at approximately the same 
intervals. 

In a few cases, also, in which values sufficiently high or low were 
obtained to render the results automatically suspect (Cases 128, 
131, 150, 130) a second sample of blood was analyzed after an 
interval. In each case a result similar to the first was obtained. 
This observation suggests that a certain nucleotide value may be 
somewhat characteristic of an individual. In a few instances, 
also, consideration was given to the possible effect on the nucleo- 
tide of the nature of the diet and the age of the individual. No 
such influence has been demonstrable. 


It is a pleasure to acknowledge the assistance of Dr. C. E. Palmer 
of the Department of Biostatistics of the Johns Hopkins School of 
Hygiene and Public Health, who treated these data statistically, 
and also of Miss Regina Weistock who made the hemoglobin 
determinations and red cell counts. 


SUMMARY 


1. The nephelometric method of Buell and Perkins for the deter- 
mination of purine nucleotides in blood has been revised. 

2. More than 100 observations have been made of the purine 
nucleotide content of normal human blood, as well as of the hemo- 
globin, red cell count, and hematocrit, of these same bloods. 

3. The purine nucleotide of the whole blood of normal males, 
like the hemoglobin, is significantly greater than the corresponding 
value for normal females. 

4. The concentration of purine nucleotide in the red corpuscles, 
like the concentration of hemoglobin, is the same for normal males 
and females. 

5. No evidence was found, in the few cases studied, of greater 
fluctuation of purine nucleotide incident to the sexual cycle in the 
female than was found over corresponding periods of time in the 
male. 
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6. There appears to be a level of corpuscular purine nucleotide 
concentration which is fairly characteristic of a normal individual. 
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Modern interest in the state of calcium in the fluids of the body 
dates from the work of Rona and Takahashi, in 1913 (1). By 
means of dialysis experiments with serum they distinguished diffus- 
ible from non-diffusible calcium, and attributed the non-diffusible 
form to a combination with protein. By comparison with the 
conditions governing the solubility of calcium in saline solutions 
containing bicarbonate they also concluded that the diffusible 
calcium in serum represents a metastable supersaturated solution 
of calcium bicarbonate. Their concept of non-diffusible calcium 
as bound to protein is now almost universally accepted. The state 
of the diffusible calcium in the fluids of the body has, however, 
remained an open problem. 

The very large amount of literature on this subject has recently 
been reviewed by Klinke (2), Peters and Van Slyke (3), and by 
Thomson and Collip (4), making an extensive review unnecessary 
here. All of these reviewers incline toward acceptance of the 
hypothesis, advanced by Greenwald (5), that the diffusible cal- 
cium in the fluids of the body is partly ionized, and partly bound 
to some citrate-like substance, as yet unidentified. On the other 
hand, Greenberg and Greenberg (6), who have recently reviewed 
the evidence concerning this hypothetical bound but diffusible 
calcium, have concluded that there is no direct evidence that it 


* Preliminary communications have been published previously (Proc. 
Soc. Exp. Biol. and Med., 30, 1344 (1932-33); 31, 529 (1933-34); J. Biol. 
Chem., 106, 1x (1934); Proc. Am. Soc. Biol. Chem., 8, 1x (1934)). 

This work was aided by a grant from the Josiah Macy, Jr., Foundation. 
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exists. The hypothesis, therefore, has rested chiefly upon the 
argument that the alternative of supersaturation of the fluids of 
the body with respect to calcium carbonate and calcium phosphate 
(not bicarbonate, as Rona and Takahashi assumed) not only seems 
in itself highly improbable, but is also difficult or impossible to 
reconcile with the very attractive concept of a simple chemical 
equilibrium between plasma and bone. 

With acceptance of two, or possibly three, forms of calcium in the 
protein-containing fluids of the body, the idea of an equilibrium 
between these forms has made but little headway, nor has it been 
possible to approach this problem with the methods heretofore 
available except under the assumption that all of the diffusible 
calcium is ionized. Marrack and Thacker (7), on the basis of 
evidence favoring this assumption, have related diffusible and non- 
diffusible calcium by an empirical formula which is compatible 
with a mass law relationship. Greenberg and Gunther (8), mak- 
ing the same assumption, have correlated the diffusible and non- 
diffusible forms by means of an adsorption isotherm. They point 
out, however, that this is not necessarily evidence that the binding 
of calcium by protein is an adsorption phenomenon, as a mass law 
relationship might also apply. Thomson and Collip (4) suggest 
the probability of an equilibrium, but bring forward no quantita- 
tive evidence. 

Obviousiy the difficulty in reaching definite conclusions as to the 
state of calcium in the fluids of the body, and as to any equilibrium 
which may exist between the various forms, has been due to the 
fact that no satisfactory method for the direct observation of Ca++ 
concentrations has existed. Consequently the problem has 
necessarily been attacked chiefly by indirect methods. Attempts 
to make direct measurements of Ca++ concentrations by electro- 
metric methods have not been lacking, but these methods have 
shown little or no dependability in biological fluids. The results 
of Neuhausen and Marshall (9), who used a calcium-amalgam elec- 
trode, have been most quoted, largely because they seemed to 
confirm the views of those who held to the belief that Ca** con- 
centrations in the fluids of the body are limited by the solubility of 
calcium carbonate. 

A new approach to the problem has been made possible by the 
introduction by the authors (10) of a biological method for the 
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direct estimation of Ca++ concentrations, by use of the isolated 
heart of the frog as an indicator. This method, while not ideal 
for the examination of serum, is workable, and has a reasonable 
degree of accuracy. It has the disadvantage that it cannot be 
used for observations at the temperature of the mammalian body, 
and that the degree to which observations made at 25° represent 
the conditions at 38°, particularly in protein-containing fluids, is 
as yet not accurately known. Use of the method has, however, 
yielded results which throw considerable light upon the problem 
of the state of calcium in the fluids of the body, and the present 
paper is based chiefly upon these results. This paper deals pri- 
marily with the factors concerned in the ionization of calcium in 
the fluids of the body. Presentation and discussion of findings 
bearing upon the physiology and pathology of the behavior of cal- 
cium in the organism have been reserved for subsequent com- 
munications. 


Methods 


Total calcium was determined by the method of Kramer and 
Tisdall (11), as modified by Clark and Collip (12). Total nitro- 
gen was determined by the Kjeldahl method. Total protein was 
calculated from total less non-protein nitrogen, a factor of 6.3 
being used to convert gm. of nitrogen to gm. of protein. In the 
case of serum from normal individuals, an arbitrary correction of 
30 mg. per 100 cc. has been made for non-protein nitrogen. 

Direct observations of Ca++ concentrations were made by the 
method described by the authors (10) with the isolated heart of 
the frog as a biological indicator. Al! observations, unless other- 
wise noted, were made at room temperature, ordinarily 22-25°, 
and no temperature correction has been made (see the discussion 
of the effect of temperature). 

Calculations involving protein-containing fluids have been based 
upon the water content of these fluids. Water has not been de- 
termined, but has been calculated, in the case of the fluids of the 
body, from the formula, water (in gm. per 100 cc.) = 99.0 — 0.75 
P (P = gm. of protein per 100 cc.). This formula assumes that 
on the average 1 per cent of the volume of the fluids of the body is 
occupied by solids other than protein, and adopts the value of 0.75 
for the specific volume of the serum proteins, as found by Svedberg 
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and Sjégren (13). Use of the slightly different formule in the 
literature (14, 15) would not affect the results of calculations 
appreciably. In the case of solutions of purified proteins in sa- 
line solutions, the formula used is water = 99.6 — 0.75 P. 

Symbols—In addition to the usual chemical symbols, the follow- 
ing are employed in this paper. 


{ ]}= concentration, moles per kilo of water 
Prot~ = dissociated base-combining groups of protein, expressed 
as equivalents or milli-equivalents, divided by 2 
CaProt = calcium bound to protein (or base-combining groups of 
protein, bound by calcium) 
p = negative logarithm 


TaBLe I 


Total Calcium and Observed Ca*+* Concentrations (in ma per Liter) in 
Human Cerebrospinal Fluid 
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Ionization of Calcium in Protein-Free Fluids—A large number 
of observations have been made upon human cerebrospinal fluid, 
as the most easily available approximately protein-free fluid. 
The method used has been applied to these fluids with little or no 
difficulty, and with no discordant results. In nearly every case 
the observed Ca++ concentration has been very near, but slightly 
below, the total calcium concentration. Table I records the re- 
sults of ten consecutive carefully controlled observations, in which 
total calcium concentrations were determined independently by 
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two different observers. The samples of cerebrospinal fluid were 
obtained from patients suffering with various disorders of the 
central nervous system, by drainage of the cerebrospinal canal in 
preparation for encephalography. 

These observations provide evidence against the assumption 
that Ca** concentration is limited by the usual conceptions con- 
cerning the solubility of calcium carbonate and calcium phosphate. 
The observed Ca++ concentrations are about double those which 
could be calculated from the solubility product of calcium car- 
bonate, and approach instead the values for total caleium, which 


TaBie II 


Effect of Added Citrate upon Ca** Concentrations in Human Cerebrospinal 
Fluid 


PKcacit™ 3.22; pKugcit™ 3.22. 
. The results are expressed in mM per liter. 
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in a protein-free fluid are the same as for diffusible calcium. The 
discrepancy between total calcium and Ca++ remains to be ac- 
counted for. The difference is generally within the limit of accu- 
racy of the method, but is nearly always in the same direction. 
The possibility of a constant error of this magnitude in the Ca** 
observations has not been excluded. There is, however, good 
reason for believing that the discrepancy is real. Human cerebro- 
spinal fluid has been found (16) to contain about 0.2 mm per liter 
of citrate. This amount of citrate is sufficient to bind an amount 
of calcium of the order of magnitude of the difference found be- 
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tween total and ionized calcium (17). It appears, therefore, that 
a bound, diffusible, form of calcium may exist in the cerebrospinal 
fluid, but, at least in human material, in much smaller proportions 
than many had previously supposed. 

The conclusion drawn from these observations is that calcium in 
human cerebrospinal fluid is ionized approximately as it is in arti- 
ficially prepared solutions, containing the same proportions of 
inorganic constituents, and of citrate, as are found in the cerebro- 
spinal fluid. This conclusion is further supported by the observa- 
tion that when citrate is added to cerebrospinal fluid the effect 
upon observed Ca++ concentrations is the same as in artificially 
prepared solutions (Table II). Changes in Ca++ concentration in 


TaBLe III 
Observed Ca** Concentrations (in ma per Liter) in Human Cerebrospinal 
Fluid Undiluted and Diluted with an Equal Volume of Saline Solution 





Sample No. Total Ca 





Undiluted Diluted 


0.575 
0.525 
0.50 
0.50 
0.65 
0.60 














Mean 1.19 1.11 0. 








cerebrospinal fluid on the addition of citrate cannot be calculated 
directly from the ionization constant of calcium citrate, owing to 
the fact that in the presence of magnesium the relationships be- 
come more complex. The calculated Ca** figures in Table II are 
obtained by equations previously published, involving simulta- 
neously the dissociation constants of calcium citrate and magne- 
sium citrate (17). 

Further support for this conclusion is derived from the observa- 
tion that when cerebrospinal fluid is diluted with saline solutions 
of approximately the same inorganic composition, but without 
calcium, the observed Ca++ concentrations are changed in ap- 
proximately direct annua to the dilution of total calcium 
(Table ITI). 
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Ionization of Calcium in Protein-Containing Fluids—Examina- 
tion of protein-containing fluids of human origin, including serum 
and ascitic, pleural, and subcutaneous edema fluids, has yielded 
the information that the observed Ca++ concentrations in these 
fluids, in individuals without disorders of calcium metabolism, are 
in a range the extremes of which may be put provisionally at 1.10 
and 1.40 mm per kilo of H,O (4.4 to 5.6 mg. per 100 gm. of 
water) (Fig. 2 and Table VII). By giving equal weight to ob- 
served and calculated values the small series of observations on 
undiluted normal serum included in Fig. 2 gives a mean Ca*++ con- 
centration of 1.25 + standard deviation 0.09 mm per kilo of H,O. 
The range is slightly higher than that of cerebrospinal fluid, and 
again is more than double the concentration which could be cal- 
culated from the solubility of calcium carbonate. 

When the protein-containing fluids of the body are diluted with 
saline solutions of approximately the same inorganic composition 
(per unit of water), but without calcium, the observed values for 
Ca++ fall, but not in proportion to the dilution of total calcium 
(Table IV, Column 5). This effect is readily reversible. 

This suggests an equilibrium between calcium and protein. 


From the data the relationship 


[Total Ca] — [Ca**] 
[Cat*] 





(1) = k X total protein 

holds approximately true (Table IV, Column 8). This corre- 

sponds to the relationship found by Marrack and Thacker (7) - 

between total calcium, diffusible calcium, and total protein. 
Since Equation 1 suggests a mass law relationship, the equation 


[Ca**] X [Prot™] 


(2) (CaProt) =” * 





has been tested. This is a typical mass law equation for the 
dissociation of calcium proteinate, assuming that the protein mole- 
cule behaves as though it were composed of a series of negatively 
charged divalent ions. In logarithmic form this equation assumes 
the form 


(3) pCa** + pProt- — pCaProt = pKp. pi. 
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Equations 2 and 3 require further assumptions and definitions. 
It is assumed, as a first approximation, that [total Ca] — [Ca++] = 
{CaProt], and that [total protein] — [CaProt] = [Prot]. The 
latter assumption requires that total protein and CaProt be ex- 
pressed in comparable terms. The assumption that the base- 
combining groups of protein behave toward calcium as though they 
were divalent ions was at first adopted in order to fit the data ob- 
tained by observation. If it were assumed that the base-combining 
groups of protein behave toward calcium as though they were 
monovalent ions, then the mass law equation would be 


[Ca**] < [Prot-}* 
@ [CaProt,) 





This equation does not fit the data (Table IV, Column 10). 

From the conclusions of the authors and their collaborators (17) 
as to the probable structural formula for calcium citrate, it appears 
that calcium may, under appropriate conditions, be bound between 
pairs of carboxyl groups, and that the calcium so bound is in 
equilibrium with the Ca** in solution. On the basis of the study 
of the calcium-citrate relationship, of the relationship between 
calcium and protein, as found empirically, and of a study of a 
series of dicarboxylic acids, to be published later, we are proceed- 
ing under the hypothesis that calcium is bound by protein between 
spatially neighboring pairs of carboxyl groupsin the protein mole- 
cule. 


On the basis of this hypothesis the mass law Equations 2 and 
COO- 


3 require that Prot= be expressed in terms of R groups 


COO- 
available at the pH of the solution. The nearest approach we 
have to such an expression is obtained from titration of proteins 
with base, although as will be seen later, the results of such titra- 
tions may not accurately express the base-combining power of 
proteins. For serum protefys these titrations have been made by 
Van Slyke, Hastings, Hiller, and Sendroy (18), and we have used 
their factors for converting, gm. of protein to base-combining 
groups, in terms of milli-equivalents. In the case of total serum 
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proteins, at pH 7.35, we have used the combined factor of 0.243, 
as calculated by them, assuming an average albumin to globulin 
ratio of 1.8. Wherever total protein and Prot= are expressed in 
terms of mm, the figure has been obtained by dividing the figure 
for milli-equivalents by 2, in accordance with the hypothesis that 
protein behaves toward calcium as if it were composed of a series 
of negatively charged divalent ions. 

Table IV illustrates a representative experiment designed to 
test the validity of Equations 2 and 3 and of the above assumptions. 


TaBie IV 


Derivation of Mass Law Equation from Representative Dilution Experiment 
(Normal Human Serum) 


Temperature 25°; pH 7.35; {prot 0.243. 





=K 
=K 


) 
Equation 4 


[Ca**] X [Prot-} 


Ca** 
ob- 
served 


gy 
ae 
Bo xX 
7 
g 





a 
co 
~— 
~ 
— 
7 
~— 


(3) (5) (6) (7) 


. 2% 
mM mM mM mM 


per kg. . | per kg. | per kg. | per kg. 
HO HO HO HO 


9.69 | 3. 1.35 | 1.72 | 7.97 | 0.171 | 10°? 10-*-7! 
7.10 | 2. 1.15 | 1.12 | 5.98 | 0.175 | 10°? 10-3. 
4.70 | 1. 0.90 | 0.59 | 4.11 | 0.176 | 10°74 | 10°3-% 
2.31 | 0. 0.55 | 0.19 | 2.12 | 0.186 | 10°?" | 10°*-35 



































PK carrot AS Determined upon Protein-Containing Fluids—The 
type of experiment illustrated in Table IV does not, taken by it- 
self, establish the calecium-protein relationship expressed in Equa- 
tion 3. Dilution of serum results in dilution not only of its pro- 
tein content, but also of the content of any other substances in the 
serum capable of binding caleium. In view, however, of the sharp 
contrast between the effects of dilution of cerebrospinal fluid and 
of serum, upon observed Ca++ concentrations, it seems a priori 
probable that the dilution of the protein content is at least chiefly 
responsible for the observed effects of dilution upon the ionization 
of calcium in serum. 
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Resolution of the questions thus raised depends, in part, upon 
comparison of the behavior of serum with that of solutions of 
purified serum proteins. In order to establish a basis for such a 
comparison, and to test the validity of Equation 3 as an approxi- 
mation of the conditions present in protein-containing fluids, 
further observations upon whole and diluted normal human serum 
(including diluted serum with the addition of calcium) have been 
carried out. The distribution of values for pKo,p,.¢ thus obtained 
is summarized in Table V. 

Table V reveals a fair degree of constancy for pKcgprot a8 deter- 
mined upon serum in varying dilutions. A slight inconsistency is 
seen, in that with increasing dilution the values for pKcaprot tend 


TaBLe V 
Distribution of Values Found for pKcapra, and Mean pKcaProt, Normal 
Human Serum, Whole and Diluted, Serum Globulin, and Serum Albumin 
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* Obtained by averaging the values for K in Equation 2. 


to become lower. This tendency can be corrected by raising 
[Prot™] in Equation 2 to the power of 1.1, but in the absence of any 
theoretical justification for this procedure the data in Table V 
have been regarded as indicating that Equation 3 represents a sat- 
isfactory first approximation of the conditions found in serum. 
From the observations upon serum in Table V, the mean value of 
2.22 + standard deviation 0.07 for pKeapro in Equation 3, 
corresponding to a value of 10-*-* +° for K in Equation 2, has 
been adopted for all calculations involving the protein-containing 
fluids of the body. 

Calculation of Calcium Ion Concentrations from Total Calcium 
and Total Protein—By substituting ({total Ca] — [Ca**]) for 
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[CaProt] and ([total Prot] — [total Ca] + [Ca**]) for [Prot™], 
Equation 2 takes the form 


[Cat*]  ([total Prot] — [total Ca] + [Ca**]) K 
[Total Ca] — [Ca**] 





(5) 


If we solve for [Cat*] 


(6) 
[total Ca] — [total Prot} — K + \/4K [total Ca] + ([total Prot] — [total Gaj + A) 
; ; 


(Cat +) = —__——_ - 
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Fig. 1. Cartesian nomogram for calculation of Ca** concentrations from 
total calcium and total serum protein. 


Solution of Equation 6 is simplified by the use of a nomogram. 
Fig. 1 is a Cartesian nomogram, in which the value for K is 10-*-™. 
The nomogram assumes pH 7.35, temperature 25°, and albumin 
to globulin ratio 1.8. While based on concentrations of base- 
combining groups of protein per kilo of H,O, it is constructed, for 
convenience in use, in terms of gm. of protein per 100 cc. For this 
reason the iso-Ca** lines are slightly curved. 
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Such a nomogram, in terms of base-combining groups of protein 
per kilo of H,O, in which the iso-Ca** lines are straight, is most 
easily constructed with the aid of the general regression equation 


[Ca**] X [total Prot] 


oir 





(7) [Total Ca] = 


which is obtained by solving Equation 5 for [total Ca], and from 
which the slope of iso-Ca** lines is readily calculated. 
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Fig. 2. Observed and calculated Ca** concentrations in normal human 
serum, whole and diluted. 


04 


From Equation 7 there follows, since [CaProt] = [total Ca] — 
[Cat*], 


[Catt] X [t al Prot) 
[Cat*] + K 





(8) [CaProt] = 


from which calcium bound to protein may be calculated at any 
given Ca++ and protein concentrations. 

Calculated Ca++ concentrations in protein-containing fluids, as 
referred to in this paper, have been calculated from Equation 6, 
generally by means of the nomogram. The degree of correlation 
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between observed and calculated values, in the case of whole and 
diluted normal human serum, is illustrated in Fig. 2, which is based 
upon calculations from the same observations reported in Table V. 

The average deviation between calculated and observed values 
for Ca++ concentrations increases with increasing protein concen- 
trations, and is at its height in undiluted serum. The deviations 
in whole and diluted serum, in the series of observations illustrated 
in Fig. 2, are shown in Table VI. 

The question naturally arises as to the relative accuracy of 
observed and calculated Ca++ concentrations in serum, in individ- 
ual cases. While no final answer can be given, some light can be 
thrown on this question. Examination of Fig. 2 and Table VI 


TaBLe VI 


Comparison of Observed and Calculated Cat* Concentrations (in mm per 
Kilo H,O) in Whole and Diluted Normal Human Serum, Including 
Diluted Serum with Added Calcium 


(The same data as in Fig. 2.) 
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100 9 2 . —0.06 —0.12 +0.07 
75 10 . : —0.04 —0.12 +0.06 
50 14 - . —0.01 —0.08 +0.04 
25 17 : : +0.01 +0.05 +0.02 























will indicate that the poorest correlation is evident in the case of 
the nine observations on undiluted serum, and that the tendency 
is toward low observed, as compared with calculated, values. The 
calculations in these cases were based upon the same analytical 
data as those for the diluted sera, in which the correspondence 
between observed and calculated values is much closer. We in- 
cline to the belief that the difficulties already described (10) as 
inherent in the use of the frog heart method for observations upon 
undiluted serum tend to give low values by direct observation, and 
that consequently the calculated values are probably of greater 
accuracy in individual cases, provided that the necessary analyses 
are accurately carried out and that no unrecognized variables are 
present. 
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A small series of observations in patients without evident cal- 
cium dyscrasia, is here reported, to illustrate the applicability of 
the combined methods of calculation and observation of Ca++ con- 


Taste VII 


Comparison of Calculated and Observed Ca** Concentrations in Individuals 
without Evident Disturbance in Calcium Metabolism 
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centrations in biological fluids, under conditions of varying pro- 

tein content (Table VII). The occasional discrepancy between 

observed and calculated Ca++ concentrations is again evident. 
From the data as reported it would appear that the conditions 





F. C. McLean and A. B. Hastings 299 


governing the ionization of calcium in human protein-containing 
fluids may be described, as a first approximation, by the simple 
mass law Equation 2. This conclusion involves acceptance of a 
concept of continuous supersaturation of the fluids of the body with 
respect to calcium carbonate and calcium phosphate. This con- 
cept is not new, but has been advanced or made use of by Rona and 
Takahashi (1), Marrack and Thacker (7), Greenberg and Gun- 
ther (8), Holt, La Mer, and Chown (19), and others. 

The authors and their collaborators (17) have shown that in 
the presence of citrate a solution originally supersaturated with 
respect to CaCO; fails to come to equilibrium with the solid phase 
for at least a considerable length of time. This phenomenon of 
delay in reaching equilibrium from a supersaturated state, which 
is well known from the qualitative standpoint, is clearly of bio- 
logical importance, and is being systematically and quantitatively 
investigated, particularly with reference to the salts of calcium 
and the influence of other substances, present in biological fluids, 
which delay their precipitation from supersaturated solutions. 

PKcaProe AS Determined upon Solutions of Purified Proteins— 
On account of the difficulty in obtaining stable and strictly com- 
parable preparations of serum proteins, casein (Pfanstiehl, highest 
purity) was utilized to establish the relationships involved. The 
casein was dissolved in a solution containing the same concentra- 
tion of inorganic constitutents (per unit of water) as that of the 
standard solutions of reference, but with NaOH substituted for 
NaCl in a quantity sufficient to dissolve the casein and to bring 
the solution to pH 7.35. Since the casein was not calcium-free, 
it was analyzed for its calcium content, and the result was included 
in the total calcium figure. The concentration of casein in the 
solutions was checked by analysis for total nitrogen. It was found 
that the same relationship existed as in the case of serum, and 
Table VIII records the results of a representative experiment. 
The values for total protein in terms of base-combining groups in 
the case of casein have been obtained by using a factor of 0.600 
for total base-combining groups at pH 7.35 (20), and dividing by 2. 

The results of Weir and Hastings, who have determined 
PKeaprot in the case of casein, as well as of the serum proteins, 
by means of an equilibration method, will be reported in a 


separate paper (21). 
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Serum albumin and serum globulin have also been examined. 
These proteins were fractionated from serum by precipitation with 
an equal volume of saturated ammonium sulfate and purified by 
electrodialysis at the isoelectric point. Serum albumin was dried 
and weighed before redissolving, the concentration being con- 
firmed by analysis for total nitrogen. Serum globulin was not 
dried, the concentration being determined by analysis for total 


Taste VIII 
Determination of pKcaProt in Casein Solutions 


pH 7.35; temperature 22°; fprot 0.600 (Pertzoff and Carpenter (20)); 
Ca** calculated from pKCaProt 2.38. 





Ca** Calculated from observed Ca** 
Solution! Total protein | Tete! 





Caleu-| Ob- | Differ- . 
lated | served | ence | CaProt | Prot- |PKCaProt 


kg. HeOlkg. HeOlkg. HeO\kp. HeO| ky. He0 | ky. Hs0 
4.17 | 1.05 | 1.05 3.16 | 12.64 
3.55 | 0.87 | 0.90 |+0.03 13.21 
2.71 0.65 |+0.01 13.71 
3.41 1.10 |+0.04 9.35 
2.89 0.93 |+0.05 9.70 
2.38 0.70 9.99 
2.76 1.10 |—0.03 6.03 
2.25 0.93 |+0.03 6.37 
68 | 1.74 0.65 |—0.02 6.61 
10 | 1. 81 | 1.62 0.90 |—0.03 3.08 
mu |i. 81 | 1.37 0.75 |—-0.02 3.18 | 2. 
12 —0.02 3.29 | 2.41 
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nitrogen. The procedure as to the pH and inorganic composition 
of the solutions was the same as in the case of casein. The avail- 
able base-combining groups were calculated by use of the factors 
found by Van Slyke, Hastings, Hiller, and Sendroy (18). Table 
IX shows the results of representative observations on serum 
globulin. Since the experiments on serum albumin were similar, 


the extended data are not reported, but the values foun’ ‘or 
PK caprop are Shown in Table V. 
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Table V indicates a mean value of 2.24 + standard deviation 
0.08 for serum globulin (beef and horse) and of 2.03 + standard 
deviation 0.11 for serum albumin (beef and horse). Satisfactory 
agreement between the results on serum and on purified serum 
globulin by the frog heart method is apparent. In the case of 
serum albumin the discrepancy is too great to be attributed to 
observational error. It should be noted that the preparations 
of serum albumin examined had been subjected to drying, which 


TaBie IX 
Determination of pKcaprot in Serum Globulin (Horse) Solutions 
pH 7.35; temperature 22°; fprot 0.189; Ca** calculated from pKCaprot 2.22. 


Calculated from 
observed Ca** 





Ca** 





Solu- 
tion 
No. 


PKCgProt 





™M per 
. |kg. HO 


7.06 
7.06 
7.06 
7.06 
5.16 
5.16 
5.16 
3.39 
3.39 
3.39 
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was not the case with serum globulin, and also that certain prepara- 
tions of serum albumin so treated had very slight base-binding and 
calcium-binding capacities. Only results obtained from observa- 
tions upon preparations exhibiting approximately the buffer values 
usually found have been included in Table V. 

If the figures for purified serum globulin and serum albumin, 
as determined by the frog heart method, be accepted at their face 
value, it is possible to calculate the amount of calcium bound in 
serum, under average normal conditions, by each of the serum 
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proteins. With Cat+*+ concentration known, unaccounted for cal- 
cium is then calculated by difference. A typical calculation, with 
total protein 7 per cent, albumin to globulin ratio 1.8, gives 


Ca bound to globulin 


“ “ “ 


“ unaccounted for 


Since the values obtained for pKogpro in the case of purified 
serum proteins may in all probability be accepted as indicating at 
least the minimum calcium-binding power of these proteins under 
natural conditions, the above figure of 0.34 mm per kilo of H,O 
should represent the mazimum concentration of calcium not ac- 
counted for by the calcium-protein relationship represented by 
Equation 2. On account of the treatment to which the proteins 
were subjected during purification and on account of the tendency, 
particularly of serum albumin, to lose its calcium-binding power 
during this process, there is considerable doubt as to whether the 
value of 2.03 for pKeapro in the case of serum albumin represents 
the full calcium-binding power of this protein under natural 
conditions. 

Additional Variables Affecting Ionization of Calcium in Protein- 
Containing Fluids—It has been recognized throughout the above 
that Equation 2 is to be regarded as a first approximation only, and 
that certain variables, known to influence the ionization of cal- 
cium in protein-containing fluids, have been ignored. It would 
appear that the effect of these variables, in the aggregate, cannot 
be large in proportion to the protein effect, but they may be ex- 
amined separately. 

Ionization of Calcium in Presence of Protein and Magnesium— 
We have previously shown (17) that the addition of magnesium to 
solutions containing calcium and citrate increases the concentra- 
tion of Ca*+*, owing to the fact that magnesium combines with 
part of the citrate present. A similar effect in the case of mixtures 
of calcium, magnesium, and protein is to be expected, but we have 
not been able to detect such an effect by use of the frog heart 
method. 

The data of Greene and Power (22) indicate a ratio of diffusible 
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to non-diffusible magnesium, in the presence of protein, approxi- 
mately equal to the ratio of diffusible to non-diffusible calcium, 
making it appear that magnesium and calcium combine with pro- 
tein in approximately the same proportions. On the other hand, 
Watchorn and McCance (23) and Greenberg (24) have found that 
about 80 per cent of the magnesium in serum is diffusible. Using 
the data of Greene and Power as an indication of the maximum 
combining power of magnesium with protein, and assuming equal 
values for pKoaproe 2nd PKygprot, We can calculate the maximum 
error introduced into the calculation of Ca++ concentrations by 
neglecting the amount of protein bound to magnesium, and hence 
unavailable for the equilibrium with calcium. Such a calcula- 
tion, under average normal conditions, indicates a difference of 
+0.06 mm per kilo of H,O for the calculated Ca++ concentration 
when the possible effect of magnesium is taken into account. 
Since this difference is too small to be detected with accuracy by 
the frog heart method, and since in any case this effect of magne- 
sium upon the ionization of calcium tends to be neutralized by the 
small amount of citrate present in human serum (see the follow- 
ing section), it may be neglected. 

Ionization of Calcium in Presence of Citrate and Protein—We 
have previously shown (17) that in the presence of citrate the fol- 
lowing relationship holds: 


(9) 


From Equation 2 
{CaProt} 


oe ~2. 
(10) [Ca**] (Prot™] xX 10° 


For mixtures of calcium, citrate, and protein 


(11) [Total Ca] = [Ca**] + (CaCit~] + [CaProt) 


and the values satisfying Equation 11 must also satisfy Equations 
9 and 10. 

Table X shows the results of a test of this relationship. Calcu- 
lated Ca++ concentrations are obtained (nomographically) from 
Equations 9, 10, and 11. 

The fact that the values for [Ca++] found by direct observation 
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by the frog heart method satisfy simultaneously Equations 9, 10, 
and 11, provides additional evidence in support of the validity of 
the frog heart method as being specific for Ca++, since these equa- 
tions could not be satisfied if the heart were sensitive to either 
CaCit~ or CaProt or both. 

The concentration of 0.12 mm per liter of citrate reported in 
normal human plasma (25) is sufficient to introduce a small error 
into the calculation of Ca++ concentrations from Equation 6. As 
pointed out above, however, this error is of the same order of 
magnitude as, and in the opposite direction from, the error intro- 


TABLE X 


Calculated and Observed Ca** Concentrations in Mixtures of Calcium, 
Citrate, and Casein 


PKcacit™ 3.22; pKcaProt 2.31. 
The results are expressed in mM per kilo of H,O. 





‘ CaCit CaProt 

Sol 7 Total FA Total pow al anit 
1 lated lated Caleu- 

lated 








3.18 1.02 
0.60 2.75 0.85 
1.14 2.35 0.71 
1.57 2.03 0.60 
1.66 1.11 
0.29 1.50 0.98 
0.60 1.32 0.85 0.85 
0.83 1.19 0.75 0.75 














1 4.2 
2 4.2 
3 4.2 
4 4.2 
5 2.77 
6 2.77 
7 2.77 
8 2.77 

















duced by neglecting the influence of magnesium. Consequently, 
the effects of magnesium and of citrate, in the concentrations re- 
ported in normal human serum, tend to neutralize each other with 
respect to their influence upon the ionization of calcium, and both 
may be disregarded. 

The relationship described in Equations 9, 10, and 11 makes 
possible an interpretation of the results of Shelling and Maslow 
(26). They found that the total calcium of the serum of rabbits, 
to which high concentrations (as much as 72 mo per liter) of ci- 
trate were added, either in vivo or in vitro, became nearly 100 per 
cent ultrafiltrable, as compared to the 45 to 47 per cent in the 
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serum of normal rabbits. Inspection of Equations 9, 10, and 11 
will show that under these conditions nearly all of the calcium 
present is in the form of the complex ion CaCit~, and consequently 
diffusible. 

Ionization of Calcium in Presence of Magnesium, Protein, and 
Citrate—From theoretical considerations set forth in a previous 
paper (17) and assuming equal values for pKcgproe and pK ygprot, 
equations including four independent variables influencing the 
ionization of calcium in the fluids of the body (viz., total calcium 
total magnesium, total protein, and total citrate) may be added to 
Equation 11. 


(12) [Total Mg) = [Mg**] + [MgCit~] + [MgProt] 
(13) [Total Prot] = [Prot= ] + [CaProt] + [MgProt] 
(14) [Total citrate] = [Cit™] + [(CaCit-] + [MgCit-] 


[total Ca] {CaProt] + [MgProt] 
[total Ca] + [total Mg] [Prot™] 
[total Cal =|, [CaCit~] + [MgCit-] 


++] o- “ oonseee “32 
(16) [Ca**] = (otal Cal + [total Mel * (Cit "| x 10 








(15) [Cat*] = xX 10° 








As shown above, the combined influence of magnesium and 
citrate upon the ionization of calcium in human material is negli- 
gible and may be disregarded. On the other hand, Equation 6 has 
failed to predict observed Ca++ values in the case of serum from 
the rabbit. That serum from the rabbit is high in total calcium 
(3 to 4 mm per liter) has long been known. Updegraff, Greenberg, 
and Clark (27) have shown that the diffusible calcium is also high 
(average 2 to 2.25 mm per liter). Kuyper and Mattill (28) have 
shown that the serum of the rabbit contains quantitatively sig- 
nificant amounts (0.35 to 0.65 mm per liter) of citrate. Our obser- 
vations (Table XI) indicate that the Ca*+*+ concentrations in the 
rabbit are only slightly higher than in the case of man. If it be 
assumed that the calcium-binding capacity of the serum proteins 
of the rabbit is the same as for those of man, the findings can be 
examined for evidence of a diffusible form of calcium, bound to 
citrate. Table XI includes a number of observations on rabbit 
serum, The values for CaProt are calculated from Equation 2 
and CaX (calcium unaccounted for by Equation 2) is obtained by 
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subtracting (Ca++ + CaProt) from total calcium. The values 
for the concentrations of citrate necessary to account for CaX 
are calculated by assuming a total magnesium concentration of 
1.0 mo per liter, and satisfy Equations 11 to 16. They are larger 
than the citrate concentrations found by Kuyper and Mattill, 
using the Thunberg method (25), but are sufficiently near to indi- 
cate that the high total and diffusible calcium of the serum of the 
rabbit is at least largely due to the presence of a calcium citrate 
compound. Since these calculations are based upon the assump- 


Tasie XI 
Representative Observations on Serum of Rabbits, and Calculation of Amounts 
of Citrate Necessary to Account for Calcium Not Accounted For by 
Equation 2 (CaX) 
Mg (assumed) 1.0 mo per kilo of HO; pK caprot 2.22; pKcacit™ 3.22. 
| 


» X caleu- 
Sample Total Ca** | CaProt CaX 
No. Total Ca 


protein observed | calculated | calculated py 








gm. per ma per kg. > 4 kg. . | ma perkg. | mae per kg 
100 ec. HO HO H HO HO 


6.26 4.19 
5.83 4.36 
6.39 4.13 
6.92 4.11 
6.62 4.11 
5.60 3.87 
5.34 3.68 


1.47 
1.19 
1.18 
0.63 
1.09 
0.94 
1.01 
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tion of equal values for pKeaprot ANd PKygprot & Slight correction 
will be required if the combining power of magnesium with protein 
is found to be less than that of calcium. This will result in slightly 
lower calculated values for citrate. 

Effect of pH upon Ionization of Calcium in Serum—lIf it be 
assumed that the only effect of pH upon the ionization of calcium 
in protein-containing fluids is due to the change in available 

COO- 
4 
R groups, and that the figures obtained from titration of 
\ 
Coo 
protein with base provide an accurate measurement of this change, 
then ACa*++/ApH may be calculated, under the usual conditions, 
as follows: 
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Assuming protein 7.0 per cent, albumin to globulin ratio 1.8, 
total Ca 2.9 mm per kilo of H,O, and with the factors of Van Slyke, 
Hastings, Hiller, and Sendroy (18) 

At pH 7.35 At pH 7.60 


Total protein, ma per kilo H,O 9.08 10.15 
Calculated Ca** “ “ 1.20 


from which 


ACa** —0.09 


= = —0.36 
ApH +0.25 





(17) 


We have been unable to demonstrate a change in Ca++ concen- 
tration of this magnitude with change in pH. This may be due, 
in part at least, to the fact that the calculated change in Ca++ con- 
centration over a narrow pH range is too small to be detected 
accurately by the frog heart method, but certain considerations 
also raise some question as to the validity of the calculation. 

While the only expression we have for the base-combining groups 
of protein is derived from the titration of protein with base, and 
while in relating the combination of caleium and protein to these 
groups we have made use of titration figures as an expression of 
total base-combining groups at the pH of the solution, it is by no 
means certain that we are theoretically justified in doing so. The 
isoelectric point is not necessarily a point at which proteins have 
neither free acid- nor base-combining groups, but rather may be the 
pH at which these groups neutralize each other. Consequently 
there may be a zone in which both acid- and base-combining groups 
are present, and titration with base, in this zone, would give a 
figure for base-combining groups minus acid-combining groups. 

Northrop and Kunitz (29) have shown that both zine and cal- 
cium combine with gelatin at the isoelectric point, and that only at 
pH 2.0 or below is calcium completely uncombined. Similarly 
Loeb (30) has shown that serum proteins can be rendered calcium- 
free, by dialysis against hydrochloric acid, only at pH 2.5 or below. 
The difficulty or impossibility of freeing serum proteins from cal- 
cium by electrodialysis at the isoelectric points of the proteins is 
well known. It is apparently incorrect to assume, as one does in 
using figures obtained from titrating protein with base, that cal- 
cium may not combine with protein at the isoelectric point. 
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The titration curves for serum proteins obtained by Van Slyke, 
Hastings, Hiller, and Sendroy, which may be regarded as represent- 
ing base- minus acid-combining power, as a function of pH, have 
slopes which are probably much steeper than would be the slopes 
of similar curves if they represented only base-combining capacity. 
If this view is sound, then our use of the titration curves for ex- 
pressing protein concentrations in terms of base-combining groups 
is theoretically unsound. From the practical standpoint, at a 
relatively constant pH, the question is unimportant, since any 
correction in expression of base-combining groups would simply 
result in a new value for K and hence for pKogpro. It becomes 
important, however, in dealing with changes in calcium-binding 
capacity with changes in pH. Our failure to find changes in Ca++ 
concentrations of the magnitude predicted from our calculations 
from the data of Van Slyke, Hastings, Hiller, and Sendroy may 
perhaps be due to these factors, for which we have at present no 
quantitative expression. 

The data of Greenberg and Schmidt (31) are also of interest in 
this connection. They treated casein with the hydroxides of 
Ca, Mg, Sr, and Ba in varying amounts, and by determination of 
transport numbers calculated the amount of cation bound by 
protein. The data cover a pH range from 6.8 to 10.7 and in the 
higher pH ranges the values for bound cations appear to become 
approximately constant. The data are therefore reconcilable 
with the conclusions in this paper only on the assumption that the 
negatively charged groups of casein made available above pH 
8.0 are of relatively little importance in the binding of the cations 
under consideration. 

In view of the above considerations, our conclusions as to the 
quantitative relationships between calcium and protein must be 
limited to the relatively narrow pH range in which we have worked 
and the question of the relation of changes in pH to changes in the 
capacity of protein to bind calcium must remain open for the 
present. 

Effect of Temperature upon Ionization of Calcium in Serum— 
The frog heart method is not available for observations above 
30° and ordinarily loses its sensitiveness in the higher ranges of 
Ca++ concentrations at temperatures above 25°. It has, there- 
fore, not been possible to arrive by this method at the effect upon 





F. C. MeLean and A. B. Hastings 309 


the ionization of calcium of changes in temperature between 
25-38°. 

At 15° observed Ca++ concentrations on serum have been found 
to be about 0.15 mm per kilo of H,O higher than at 25°. In this 
range 

aCa** —0.15 


(18) a ve ee om —0.015 





If this relationship were extrapolated to 38°, Cat+ concen- 
trations at 38° in normal serum would be calculated as approxi- 
mately 0.2 mm per kilo of H,O lower than those observed at 25°. 
We have not, however, been able to confirm the validity of this 
extrapolation. From indirect evidence it would appear that the 
effect of change of temperature, between 25-38°, upon the ioniza- 
tion of calcium in the presence of protein is slight. Pertzoff and 
Carpenter (20) have found a difference between the titration curves 
of casein with base at 22° and at 38°, but the difference is too 
slight to introduce any significant correction in calculated Ca++ 
values. Weir and Hastings (21) have found values for pKggpry 
at 38°, by an equilibration method, which are higher than those 
found by the frog heart method in the case of the serum proteins, 
and lower in the case of casein. In view of the conflicting evi- 
dence, and in the absence of any basis for introducing a tempera- 
ture correction into our calculations, our Ca++ concentrations are 
reported as of 22-25°, with the tentative conclusion that the 
temperature correction between 25-38° is probably small. 

Effect of Change in Albumin-Globulin Ratio upon Ionization of 
Calctum—All calculations of Ca*++ concentrations in serum in 
this paper are based on an average albumin to globulin ratio of 
1.8, a factor of 0.243 being used to transform total protein to base- 
combining groups. The factor at pH 7.35 for serum albumin is 
0.273 and for serum globulin is 0.189. Consequently the use of a 
single factor based on an average albumin to globulin ratio in- 
troduces an error into the calculation of Ca++ concentrations. 

If we assume that the values for pKg,p,» as above reported 
for serum albumin and serum globulin accurately represent the 
calcium-binding power of these proteins under natural conditions, 
then the calculated effect of a change in the albumin to globulin 
ratio upon the ionization of calcium would be very small, since 
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the greater number of base-combining groups per gm. of protein, 
in the case of albumin, would be offset by a lower value for 
PK caProt- 

If, on the other hand, in order to calculate the maximum effect 
possible, we assume that the correct values for pKggp, for serum 
albumin and for serum globulin are approximately equal, the error 
introduced by the use of a factor representing an average albumin 
to globulin ratio is again not large. Within the range of albumin 
to globulin ratios from 1.2 to 2.4, the maximum error introduced 
by using the average factor is less than 0.03 mm of Ca++ per kilo 
of H,O and is consequently negligible. Assuming a low total 
protein concentration (4.0 per cent) and an albumin to globulin 
ratio of 0.6, representing a condition found in nephrosis, the error 
due to the use of the factor 0.243 is about 0.07 mm of Ca++ 
per kilo of H,O. At still lower albumin to globulin ratios the error 
is further increased. 

While separate analysis for albumin and globulin may be the- 
oretically desirable, the error due to use of total protein figures, 
with the assumption of an average albumin to globulin ratio, is 
small, and may be neglected, except in cases with very low values 
for the albumin to globulin ratio. 

Tonization of Calcium in Presence of Phosphate and in Protein- 
Phosphate Mizxtures—The problem of the interrelations of calcium 
and phosphate, especially in the formation of bone, is of great 
biological interest. No attempt is here made to review or to 
clarify this problem, except in so far as it directly concerns the 
state of calcium in the fluids of the body. 

Grollman (32) has shown that, while the inorganic phosphates 
of serum are normally completely diffusible, when calcium is 
added to serum, a portion of the phosphate becomes non-diffusible. 
Laskowski (33) in similar experiments obtained the same results, 
and showed, in addition, that the Ca X P product in the dialysate 
remained constant. This evidence points to the formation of a 
non-diffusible calcium-phosphorus complex under the conditions 
of these experiments, but on the other hand Laskowski was unable 
to obtain comparable results when phosphate was added to serum, 
the calcium concentration in the dialysate being unchanged or 
only slightly diminished. Brull (34) and Greenberg (24) have 
carried out similar experiments, and the latter has adopted the 
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hypothesis that the phenomenon of reduction in ultrafiltrable 
phosphate induced by the addition of calcium to serum is the result 
of the formation of a colloidal material composed of calcium, 
phosphate, and probably carbonate, which is stabilized and pre- 
vented from precipitating by the protective action of the serum 
proteins. 

A second, diffusible form of a calcium-phosphorus complex has 
also been postulated. Benjamin and Hess (35) and Benjamin 
(36) have brought forward evidence which has led them to the 
conclusions that about two-thirds of the diffusible calcium present 
in normal human serum is in the form of a calecium-phosphorus 
complex, adsorbable by barium sulfate, and that a similar complex 
is present in “artificial ultrafiltrates’” containing calcium, bi- 
carbonate, and phosphate. 

We have repeatedly demonstrated that the addition of phos- 
phate up to concentrations of 2.0 mm per liter to our standard 
solutions of reference has no appreciable effect upon the amplitude 
of contraction of the ventricle of the isolated heart of the frog. 
A similar finding by Giinther and Heubner (37), who assumed the 
presence of an un-ionized calcium-phosphate complex, was inter- 
preted by them to mean that the frog’s heart is sensitive to the 
total calcium present in solution, rather than to Ca** alone. 
Since we have shown that calcium combined with citrate or 
protein, as well as with a series of carboxylic acids, either in the 
form of a complex ion or in an un-ionized form, exerts no ap- 
preciable effect upon the frog’s heart, there appears to be no good 
reason for believing that calcium combined with phosphate would 
prove to be an exception to this case. Moreover, the equilibrium 
experiments of Sendroy and Hastings (38) afford no evidence of 
the formation of a calcium-phosphate complex similar to the 
combination ‘of calcium with citrate. Our findings and inter- 
pretations in the case of artificially prepared solutions, and of 
cerebrospinal fluid, and of serum containing normal concentra- 
tions of phosphate, are therefore at variance with the conclusions 
of Benjamin and Hess. 

Formation of a calcium-phosphorus complex, either diffusible 
or non-diffusible, in appreciable amounts, on the addition of 
phosphate, should result in appreciable changes in Ca*+*+ concen- 
tration. In order to investigate the possibility of such a complex 
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being formed in mixtures of calcium, protein, and phosphate we 
have added an isotonic phosphate mixture at pH 7.35, in con- 
centrations up to 10 mM per liter, to solutions of casein, and have 
observed the effect upon apparent Ca++ concentrations by the 
frog heart method. As controls we have used simple saline solu- 
tions, to which corresponding amounts of phosphate were added. 
The results are included in Table XII. The higher concentrations 
of phosphate added are sufficient to cause precipitation of calcium 
phosphate in the controls. The effect upon observed apparent 
Ca** concentrations in the controls may be due to such precipita- 


TaBie XII 


Effect of Phosphate on Apparent* Ca** Concentrations in Saline Solutions 
and in Solutions of Casein 





Casein Total calcium Total phosphate Apggeent Oo” 





mM per l. mM per l. ma per kg. H:O 
0.7 0.7 

2.0 0.675 
5.0 0.625 

. 10.0 0.525 

5.0 ’ 0.6 

5.0 ‘ 2.0 0.6 

5.0 ; 5.0 0.6 

5.0 . 10.0 0.55 














*The Ca** concentrations in these observations are designated as 
“‘apparent’’ for the reason that the condition of equal ionic strength in 
known and unknown solutions, necessary for accurate observations, was 
not observed in the solutions to which phosphate was added. 


tion, to the formation of a calcium-phosphorus complex, or to the 
effect of increased ionic strength. The protein solutions show no 
effect of the addition of phosphate up to a concentration of 5 
mM per liter, and consequently no evidence of the formation of a 
calcium-phosphorus complex under these conditions. 

From these results, which confirm those of Dolhaine (39) on 
serum, using a similar method, it appears that in the presence of 
proteins such concentrations of inorganic phosphate as are en- 
countered in human plasma, even under pathological conditions, 
are not combined with sufficient calcium to affect the Catt 
concentration appreciably. 
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Correlation of Total Protein with Total Calcium in Serum of 
Numbers of Individuals—Salvesen and Linder (40) showed some 
years ago that the level of total calcium in the serum, in the 
absence of any recognizable disturbance in calcium metabolism, 
was directly correlated with the concentration of total protein. 
Since that time their work has been in general abundantly con- 
firmed. A number of authors (14, 41-45), of whom some have 
made use of Salvesen and Linder’s data, have expressed this 
correlation in the form of the empirical regression equation 


(19) Total Ca = m total protein + b 


where m and b are constants. 

Reference to Equation 7, derived from the mass law Equation 
2, suggests at once that this empirical equation is a special case of 
the more general mass law equation, with the Cat+* concentration 
constant. This would imply that the meaning of the empirical 
correlation is that the Ca++ concentration under usual cireum- 
stances is held, by means of physiological regulation, within a 
narrow range, which is consistent with the findings reported in this 
paper. It would then follow that the intercept with the Ca axis, 
expressed by the constant b, is the mean Ca** concentration for 
the material studied, and that the slope of the correlation curve, 
represented by the constant m, is determined by the relationship 
[Ca*+]/((Ca**] + K). 

From these interpretations, calculation of the mean values for 
K, and consequently for pKcgp,«, from the empirical regression 
equations as reported, is a simple matter. Fig. 3 illustrates the 
correlations found, together with the mean Ca*+* concentrations 
and values for pK calculated from the equations. All correlations 
have been reduced to terms of concentrations per unit of water, 
unless already in this form. In so doing, the intercept with the 
Ca axis has been left unchanged, and the correction in the slope 
applied arbitrarily at 6 per cent protein. The average of the data 
represented by Lines 1 to 5 is shown in the broken line (Line 7). 
This was obtained by taking the means of the intercepts and of the 
slopes. Line 6 was not included in the average because it seemed 
improbable that the data from the experiments upon which it was 
based were comparable to the others. 
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Fig. 3. Correlation of total calcium in serum with total protein, and cal- 
culation of mean Ca** concentration and pKCaProt. 
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Fig. 3 affords confirmation of the validity of the concepts ad- 
vanced in this paper, and shows reasonable agreement with the 
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quantitative results reported. These data are of especial interest 
in that they represent in vivo conditions at the temperature of the 
body, and that no membrane equilibrium is involved in the data 
or the calculations, except to the extent that some of the cor- 
relations included observations upon both serum and transudates. 

Diffusible and Non-Diffusible Calcitum—It would appear prob- 
able that diffusible calcium is nearly all ionized, as is the case with 
cerebrospinal fluid, and that the difference between diffusible and 
non-diffusible calcium, in protein-containing fluids, represents 
chiefly calcium bound to protein. Consequently it should be 
possible to derive the mass law equation from dialysis or ultra- 
filtration data and thereby to confirm the quantitative relation- 
ships between calcium and protein above described. Data suit- 
able for such calculations are abundant in the literature. 

All diffusion experiments involve membrane equilibria, with 
non-diffusible protein on one side of the membrane. Conse- 
quently the Donnan effect must be taken into account in consider- 
ing the concentration of calcium in the diffusate as a measure of the 
diffusible calcium and of the Ca++ concentration in the protein- 
containing fluid. The literature concerning the applicability of 
the Donnan theory to serum need not be reviewed here. Green- 
berg and Greenberg (46) have shown that ultrafiltration and com- 
pensation dialysis, the two methods most commonly used, both 
appear to be based on the same principle of the Donnan membrane 
distribution. On the basis of available theory the distribution of 
Ca++ should be as represented by Equation 20. 


(op) (Cattle 21 (Ge i) x (as) % (Bots) 
[Ca**]d 7 [Na*| d [Cl] p [HCO;] p 

in which p indicates the protein-containing fluid and d the diffu- 
sate. Greenberg and Gunther (8), from the data of Loeb and 
Nichols (47), have estimated 1/r? from the Cl~ ratios at about 
1.05 at 7 per cent protein, and this corresponds with estimates 
from the data of Greene and Power (22), although the theoretical 
value as calculated by Van Slyke, Wu, and McLean (48) should 
be approximately 1.10. From the theoretical considerations in the 


latter paper it also appears that the value of 1/r* is an approxi- 
mately linear function of the total protein present, at constant pH. 
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Under the assumption that the Donnan correction is valid in the 
case of Ca++, and using the correction as calculated from the Cl- 
ratio, we have made calculations of pKgap,. from data in the 
literature. Table XIII includes such calculations from the data 
of Loeb (49) on serum globulin. Since these data include observa- 


Tasie XIII 
Calculation of pKcapra from Dialysis Experiment with Serum Globulin* 
Temperature 22°; pH 7.4 + 0.10; fprot 0. 189. 
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tions in which both total protein and total calcium were varied, 
they provide a range sufficient for a test of the mass law 
relationship. 

The data and calculations in Table XIII provide additional 
evidence in favor of the mass law relationship described in this 
paper. It will be noted, however, that the values for pKgaprot, 
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while internally consistent, are lower than those found by the frog 
heart method and that the discrepancy is too great to be accounted 
for on the basis of experimental error. If this were an isolated 
observation, the discrepancy might be attributed to partial de- 
naturation of the protein used by Loeb, but fram reference to 
Table XIV, in which additional calculations made by the same 
method are reported, it will appear that lower values for pKeyp,. 
are characteristic of diffusion methods, in spite of considerable 
variation as between different methods and different observers. 

As will be seen in the following section, the findings by diffusion 
methods may in part be reconciled with those by the frog heart 
method, by assuming a small amount of bound but diffusible 
calcium in the fluids studied by both methods. This cannot, 
however, be offered in explanation of all of the variations recorded 
in Table XIV. 

Evidence for a Bound but Diffusible Calcium in Fluids of Body— 
Reference has been made to the probability of small amounts of a 
bound but diffusible form of calcium in the fluids of the body. It 
seems desirable to recapitulate the evidence derived from this 
paper in favor of such a form of calcium, and to attempt some 
estimate of its concentration. 

That such a form of calcium is present in human fluids in small 
amounts (0.15 mm per kilo of H,O or less) can searcely be doubted, 
since the amount of citrate found in these fluids is now known to 
combine with an amount of calcium of this order of magnitude. 
This conclusion is supported by the indirect evidence above re- 
ported in the case of cerebrospinal fluid, and by the fact that the 
quantitative results obtained from serum by the frog heart method 
can be reconciled with the average of the results obtained by cor- 
relation of total calcium and total protein (Fig. 3) by the assump- 
tion that not more than 0.15 mm per kilo of H.O of calcium 
is bound to some substance other than protein. 

There still remains the possibility, however, of somewhat larger 
concentrations of a third form of calcium. It has been seen above 
that if the observations upon purified serum proteins are taken at 
their face value an unaccounted for fraction of calcium, not neces- 
sarily diffusible, amounting to approximately 0.34 mm per kilo of 
H,0 must be postulated, and that this is probably to be considered 
the maximum amount possible in view of our findings. Similarly, 
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although the results of Bendien and Snapper and of Hertz (Table 
XIV), by ultrafiltration methods, can be reconciled quantitatively 
with the results obtained by the frog heart method by assuming a 
correction of 0.15 mm per kilo of H,0 or less for bound but diffusible 
calcium, a larger correction would be necessary in the case of the 
observations included in Table XIV and obtained by means of 
dialysis methods. Since the evidence in favor of amounts of a 
bound but diffusible form of calcium in excess of 0.15 mm per kilo 
of H,0 is all indirect, and is capable of being otherwise explained, 
it would appear unnecessary to postulate such amounts, although 
the possibility of their presence in serum has not as yet been ex- 
cluded. 
SUMMARY 


1. In human cerebrospinal fluid, which may be regarded as the 
prototype of the protein-free fluids of the body, ionization of the 
calcium present corresponds closely to that in an artificially pre- 
pared solution of similar composition. There is, therefore, no 
reason to postulate a bound but diffusible form of calcium in 
amounts larger than can be accounted for on the basis of the 
small amount of citrate present in such fluids. 


2. In protein-containing fluids (serum, ascitic fluid, pleural 
fluid, edema fluid) of human origin, the ionization of calcium is 
determined primarily by an equilibrium between calcium and 
protein, which may be described, as a first approximation, by the 
mass law equation 


[Ca**] X [Prot™] 
[CaProt] 


or in logarithmic form pCa*++ + pProt= — pCaProt = pKcaprot = 
2.22 + standard deviation 0.07. 

3. Calcium ion concentrations in human material may be cal- 
culated from the mass law equation, with a degree of accuracy 
which is probably as great as that of direct observation by the 
frog heart method. No gross deviations from this relationship 
have as yet been discovered in human material. 

4. A value of 2.24 + standard deviation 0.08 for pKegprot 
has been found in the case of purified serum globulin (beef and 
horse) and of 2.03 + standard deviation 0.11 in the case of purified 
serum albumin (beef and horse). 


= K = 10-*™++4.0.07 (temperature 25°, pH 7.35) 
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5. A value of 2.38 + standard deviation 0.03 for pK eapro 
has been found in the case of purified casein. 

6. No evidence of the presence of a calcium-phosphorus complex 
in the fluids of the body has been found. 

7. In the fluids of the body the calcium ion concentrations, 
under normal conditions and conditions of hypercalcemia, are 
such as to indicate a condition of supersaturation with respect to 
calcium carbonate and calcium phosphate. 

8. The effects of temperature, pH, magnesium, citrate, and 
albumin to globulin ratio upon the ionization of calcium in the 
fluids of the body have been considered. Except in the case of 
citrate, the concentration of which in the fluids of the rabbit, and 
possibly of some other herbivorous animals, may be sufficiently 
high to exert a quantitatively significant effect, the effects of these 
variables are small in comparison with the effect of protein. 

9. The fluids of the human body, including both protein-free and 
protein-containing fluids, contain a small but appreciable amount 
of a bound but diffusible form of calcium. This amount cannot at 
present be accurately determined, but is estimated to be of the 
order of magnitude of 0.15 mm per kilo of H,O or less. 


CONCLUSIONS 


It appears from the above that the ionization of calcium in the 
fluids of the body is determined chiefly by the protein content of 
the fluids, and that the relationship between calcium and protein 
can, as a first approximation, be described by a simple mass law 
equation, yielding the ionization constant of calcium proteinate. 
From the standpoint of the ionization of calcium in protein- 
containing fluids, therefore, these fluids may be most simply 
thought of as solutions of calcium proteinate, which ionizes as a 
weak electrolyte into calcium and protein ions, with a residue of the 
un-ionized compound. With total calcium and total protein 
known, calcium ions may be readily calculated. 

This statement, presented as a first approximation, is an over- 
simplification of the conditions which actually exist in the fluids of 
the body. Other variables, including pH, temperature, albumin 
to globulin ratio, magnesium, and citrate, are known to influence 
the ionization of calcium in these fluids, but the individual and 
combined effects of these variables are small. They are of slight 
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practical importance, as compared with the calcium-protein re- 
lationship, except that in the case of the rabbit, and possibly also 
in some other herbivorous animals, the citrate concentration is 
sufficiently high to exert a quantitatively significant effect. 

This concept of the state of calcium in the fluids of the body is 
essentially that advanced by Rona and Takahashi in 1913, and 
involves the concept of continuous supersaturation of these fluids 
with respect to calcium carbonate and calcium phosphate. It 
has been seen that the apparent improbability of this concept has 
delayed general acceptance of the views above advanced, and that 
its adoption introduces difficulties into the hypothesis of a simple 
chemical equilibrium between plasma and bone. 
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THE ACTION OF ACTIVATED ERGOSTEROL IN THE 
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It is now recognized that the vitamin D of cod liver oil and the 
vitamin D of irradiated ergosterol are not identical. This fact 
came to be appreciated through experiments which demonstrated 
that the chicken responds less readily to the vitamin D in irra- 
diated ergosterol than to the rat-equivalent amount of vitamin D 


in cod liver oil. Or, with equal accuracy, it can be said that the 
rat responds less readily to cod liver oil than to the chicken-equiv- 
alent amount of irradiated ergosterol. 

The discovery of this fact came about in the following way. In 
1928 a solution of irradiated ergosterol, which we had standardized 
on rats, was administered to chickens by Dr. C. W. Carrick of 
Purdue University. Carrick found that as a preventive of rickets 
it compared poorly with cod liver oil (private correspondence, 
1928). A returned specimen of the solution, when again assayed 
with rats, showed no loss of potency. This led to a systematic 
investigation of the action of activated ergosterol in the chicken, 
the results of which were reported in 1930 by Massengale and 
Nussmeier (1). Similar observations were made by Mussehl and 
Ackerson (2), Hess and Supplee (3), and several later investigators. 

The work now described was carried out in 1930, in an attempt 
to learn whether crude ergosterol contains more than one pro- 
vitamin D. Because of the negative character of the findings, we 
did not report them, but the recent contribution by Waddell (4) 
gives them a new significance. Waddell discovered that the vita- 
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min D of irradiated cholesterol behaves like that of cod liver oil, 
and differs from that of irradiated ergosterol, with respect to the 
responses which it elicits from rats and chickens. In other words, 
the principal provitamin D of cholesterol is not ergosterol, al- 
though it seems spectrographically indistinguishable from ergos- 
terol. The question at once arises, is even a minor part of the 
relatively small effectiveness of irradiated ergosterol for chickens 
due to ergosterol itself? Is not the effectiveness due to a con- 
taminant sterol? 

It was demonstrated in 1928 that ergosterol is not the only 
sterol which may be activated by irradiation (5). Furthermore, 
the known difficulty of preparing homogeneous ergosterol by 
recrystallization gave support to the possibility that several pro- 
vitamins may coexist. We undertook the present study on the 
assumption that if ordinary ergosterol contains more than one 
provitamin D, samples of ergosterol from different natural sources 
would contain the several forms in different proportions, so that 
quantitative assays with rats and chickens would reveal them. 


EXPERIMENTAL 


Ergosterol was obtained from seven sources. Six of the sources 
were yeasts, each representing a different species, strain, or cul- 
ture medium. The seventh source was ergot.' 

Each sample of ergosterol was recrystallized only until it was 
light in color and of fair crystalline form. Intensive purification, 
such as would tend to bring all specimens to a uniform standard 
of purity, was avoided. The origin and specific rotation of each 
of the seven ergosterols are given in Table I. 

An ether solution of each of the specimens of ergosterol was 
activated by irradiating it in the apparatus previously described 
(6). Iron-cored carbons were used to produce ultra-violet light, 
so that the light consisted essentially of the unfiltered radiations 
of an iron arc. Irradiation was continued until about 40 per cent 
of the ergosterol was converted. The usual procedure of separat- 
ing unconverted ergosterol from the total irradiation product was 
dispensed with, so that there was no possibility that any agent 
capable of contributing to the physiological effect was thrown out. 


1 We thank Dr. F. W. Heyl of The Upjohn Company and Dr. A. D. Em- 
mett of Parke, Davis and Company for contributing ergot sterol. 
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In each instance the entire irradiation product was evaporated 
to dryness in vacuo and the residue dissolved in maize oil. Assays 
with rats showed no greater deviation among the residues than 
could be accounted for on the basis of biological error. Each of 
the seven stock concentrates was diluted according to its assay so 
that it would have 100 times the antiricketic potency of average 
cod liver oil for rats. Expressed in present day nomenclature, 
each solution contained 10,000 international units of vitamin D 


TaBie I 
Origin and Specific Rotation of Seven Specimens of Ergosterol Selected for 
Activation 





[«],, in chloroform 





Before After 
irradiation |irradiats 





degrees 
I Saccharomyces cerevisiz, Strain A, grown in 
molasses wort (baking yeast) — 164 
II Strain B, grown in cereal wort, pH 4-5 
(baking yeast) 

III Strain B, grown in cereal wort, pH 6.5-7.5 
(baking yeast) —144 
IV Strain C, grown in cereal wort (brewing 
yeast) — 162 
Vv Strain D, grown in cereal wort (wild yeast, 
Frohberg bottom type) — 160 
VI Saccharomyces carlsbergensis, grown in cereal 
wort (brewing yeast) — 160 —77 
Vil Claviceps purpurea (ergot of rye) —149 — 66 














per gm., since the cod liver oil to which it was compared was of 
average potency, 100 international units per gm. The assays 
were conducted according to the precision technique previously 
described (7). For each solution at least twenty rats were taken 
in the final assembly, this number corresponding to a probable 
error in the assay of +10 per cent. 

The assays on birds were carried out with single comb white 
Leghorn chicks, selected at the time of hatching. These came 
from the eggs of breeders which had received a complete diet, with 
2 per cent of cod liver oil and access to sunshine. The experi- 
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mental chicks were protected from strong light. 224 chicks were 
divided into ten groups of from twenty to twenty-six each, and 
placed on the following basal ration, to which the various vitamin 
D additions were made. 


56.3 parts yellow maize 

10.0 “ half skim milk powder 

10.0 “ wheat bran 

10.0 “ linseed oil meal 

10.0 “ wheat gluten 

1.0 part sodium chloride 

0.7 “ calcium carbonate 

2.0 parts maize oil (vitamin D vehicle) 


Analysis—Ca 0.48, P 0.48, Ca:P 1.0. 


For Groups 1 to 7, part of the maize oil of the diet was replaced 
by the seven standardized solutions, in quantity sufficient to make 
the diet contain the rat-equivalent of 25 per cent cod liver oil. 
Each gm. of diet thus contained 25 international units of vitamin 
D. In the diet for Group 8, the entire 2 per cent of maize oil was 
replaced by cod liver oil. In the diet for Group 9, cod liver oil 
to the extent of 0.5 per cent replaced a corresponding amount of 
maize oil. The diet for Group 10 was the negative control, con- 
taining 2 per cent of maize oil, but no vitamin D. The diets for 
Groups 8, 9, and 10 therefore contained 2.0, 0.5, and 0.0 inter- 
national units of vitamin D per gm. in the form of cod liver oil. 
All rations were made up weekly. Tap water was supplied ad 
libitum. 

The ten groups of birds were kept on experiment from the day of 
hatching until they were 8 weeks old. All survived except a 
few weaklings which died at the beginning and were not counted 
in the experiment. The birds were killed, and a femur from each 
was separately taken for an ash determination according to the 
technique previously described (1). Calcium determinations were 
made on the blood serum of small subgroups of the birds, according 
to the Clark-Collip method (8), and phosphorus determinations 
likewise by the method of Benedict and Theis (9). The findings 
are summarized in Table II. 
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TasBie II 


Summary of Determinations of Bone Ash, Serum Calcium, and Serum Phos- 
phorus in Chickens Given Various Vitamin D Supplements 
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DISCUSSION 


From Table II it is evident that the doses of irradiated ergos- 
terol (25 international units per gm. of diet) given to the chicks 
were sufficient to elevate the ash content of the bones to a point 
approximately midway between that of rickety and that of normal 
bone. In other words, this dosage, being neither too low nor too 
high, was optimal for revealing differences in effectiveness of the 
several ergosterols. The average of the mean bone ash values 
for the seven groups of chicks which received the seven ergosterols 
was 38.8 per cent. The greatest difference from this average was 
0.9 per cent. The probable error for the groups included in the 
average ranged from 0.2 to 0.5 per cent. To this must be added 
the errors from the assays with rats, which occasioned a probable 
variation of +10 per cent in the potencies of the solutions adminis- 
tered to the chicks, and a consequent variation in bone ash of at 
least several tenths of 1 per cent. With the observed variations 
in ash content thus accounted for, it can be stated that the ergos- 
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terols from the different natural sources were indistinguishable in 
their relative effectiveness for rats and chickens. This agrees with 
the single comparison of yeast ergosterol and fungus ergosterol 
recently made by Bethke, Record, and Kennard (10). 

The determinations of serum calcium and serum phosphorus 
partially confirm the results from bone ash. Unfortunately, the 
amount of serum obtainable from individual chickens was so 
limited that within each group of birds the blood of several indi- 
viduals had to be pooled for analysis. Calculation of probable 
error was consequently omitted. The analytical findings never- 
theless show a reasonable uniformity among the ergosterol groups, 
and a marked elevation of both calcium and phosphorus in the 
ergosterol groups over the negative control group. 

The most plausible interpretation of the data presented is that 
in each of the crude preparations of ergosterol there was but 
one provitamin D, ergosterol itself. There remain, however, 
certain alternative possibilities which cannot be brushed aside, 
even though they seem far fetched. One is that two or more 
provitamins were present, each of which gave rise to the same form 
of vitamin D when irradiated. A second is that two or more 
provitamins were present and gave rise to two or more physio- 
logically indistinguishable forms of vitamin D. A third is that 
two or more provitamins were present, but in the same proportion 
in each specimen of ergosterol. 

Table II shows that 25 rat units of vitamin D as irradiated 
ergosterol and 0.5 rat unit of vitamin D as cod liver oil were, within 
the limits of experimental error, equally effective in promoting 
the calcification of bones in the chicken. In other words, the 
difference in effectiveness of these two forms of vitamin D was 50 
times. In Paper II of this series (1) it was found that the differ- 
ence was 100 times. These conclusions are not contradictory, for 
the experimental conditions in the two studies were dissimilar, 
particularly as regards the duration of the test period, the com- 
position of the basal ration, and the dosage levels of the compari- 
son. It will be brought out in subsequent studies that the relative 
effectiveness of the vitamin D of irradiated ergosterol and the 
vitamin D of cod liver oil varies even more widely, according to 


the conditions. 
Another significant fact revealed in Table II is that irradiated 
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ergosterol, compared to cod liver oil, is more effective in raising 
the calcium and phosphorus of the blood serum than it is in pro- 
moting calcification of bone. Apparently there is revealed here a 
fundamental difference in the physiological action of these two 
forms of vitamin D in the chicken. A detailed study of this 
difference will be reported later. 


SUMMARY. 


1. Specimens of partially purified ergosterol from seven natural 
sources were irradiated and made up in solutions of equal anti- 
ricketic activity for rats. These solutions were found not to differ, 
one from another, in their effects on the blood and bones of 
chickens. 

2. The most satisfactory interpretation of these observations 
is that in the crude ergosterol specimens, ergosterol itself was the 
only provitamin D. Three possible alternative explanations are 
suggested. 

3. The point was brought out that the relative effectiveness of 
the vitamin D of cod liver oil and the vitamin D of irradiated 
ergosterol varies with experimental conditions. Under the con- 
ditions of the present experiment, cod liver oil was 50 times as 
effective as the rat-equivalent amount of irradiated ergosterol 
for promoting calcification in the femurs of chickens. 

4. The vitamin D of irradiated ergosterol raises the calcium and 
phosphorus of chicken serum more effectively than it promotes 
calcification of chicken bone. Distinctively, the vitamin D of cod 
liver oil promotes calcification more than it elevates the serum 
calcium and phosphorus. 
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EVIDENCE OF ENZYMATIC DESTRUCTION OF THE 
VITAMIN A VALUE OF ALFALFA DURING 
THE CURING PROCESS* 
By SIGFRED M. HAUGE 
(From the Research Chemical Laboratory, Purdue University Agricultural 
Experiment Station, Lafayette) 


(Received for publication, October 29, 1934) 


Numerous investigators (1-5) have shown that the drying of 
alfalfa by means of mechanical driers tends to preserve the vita- 
min A value, while the field curing process is more or less destruc- 
tive to the vitamin A value. Hauge and Aitkenhead (3) made a 
study to determine the factors involved in the preservation or 
destruction of the vitamin during these processes, and presented 
evidence which indicated that enzymes are the important factor 


in the deterioration of the vitamin A factor during the curing proc- 
ess. They also showed that the sun’s rays were not directly re- 
sponsible for the marked destruction during the field curing 
process. 

It seemed desirable to make a further study of the relation of 
enzyme activity to the destruction of the vitamin A factor in 
alfalfa. Alfalfa was therefore treated by some methods which 
were favorable to enzyme activity and by other methods which 
inhibited enzyme action. The effect of these treatments on the 
vitamin A value of alfalfa was determined. 


EXPERIMENTAL 


Since earlier experiments (6) had shown that young alfalfa has 
a higher vitamin A value than alfalfa in the full bloom stage, the 
alfalfa selected for this experiment was cut from young plants (10 
to 12 inches high) before they showed any bloom. The alfalfa 
was cut early in the morning in July, 1933, and removed imme- 


* Published with the approval of the Director of the Purdue University 
Agricultural Experiment Station. 
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diately to the laboratory, where it was separated into eight portions 
and subjected to special treatments. 

Sample 1—This portion of alfalfa was treated in an autoclave in 
the presence of live steam, at 17 pounds pressure, for 1 hour in 
order to inhibit all enzyme activity, and then dried on screens by 
direct exposure to the sun’s rays. 

Sample 2—This alfalfa was sterilized as in Sample 1, cooled, 
placed in closed jars to retain the moisture, and then incubated at 
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SAMPLE 3 6 7 


Cuart 1. Showing the relation of enzyme activity to the destruction 
of the vitamin A value of alfalfa. 


37° for 24 hours, which is a favorable temperature for enzyme ac- 
tion. It was then dried on screens by exposure to the sun. 
Sample 3—This portion was treated in such a manner as to test 
the effect of the addition of a fresh supply of enzymes to alfalfa in 
which the natural plant enzymes had been inactivated. The al- 
falfa was first sterilized by treatment in the autoclave, in order 
to inactivate the enzymes present in the alfalfa, and then cooled. 
Since potato juice contains oxidative enzymes, 100 ml. of fresh 
potato juice were added to 500 gm. of alfalfa, thoroughly mixed, 
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enclosed in glass jars, and held at 37° for 24 hours. It was then 
spread on screens and dried in the sun. 

Sample 4—This portion of alfalfa was placed in jars and imme- 
diately frozen at about —25° in order to rupture the cellular struc- 
ture of the plant tissue and liberate the enzymes. It was then 
defrosted and held at 4° for 24 hours, after which it was sterilized, 
spread on screens, and dried in the sun. 

Sample 5—This sample was given the same treatment as Sample 
4, except it was held at 37° during the 24 hour digestion. 

Sample 6—This sample was placed in jars without any prelim- 
inary treatment, then held at 4° for 24 hours, sterilized in the 
autoclave, and finally dried in the sun. 

Sample 7—This alfalfa was treated as was Sample 6, except that 
it was held at 25° during the digestion period. 

Sample 8—This portion was treated as was Sample 6, except 
that it was incubated at 37° for 24 hours instead of 4°. 

After all the samples were dry, they were finely ground in a 
Wiley mill and stored in glass jars for the biological assays. 

The vitamin A values of these samples were determined by 
biological assays and the use of the curative method. The tech- 


nique was the same as has been previously described (6). The 
results of these tests are given in Chart 1, the values being ex- 
pressed in Sherman and Munsell (7) vitamin A units. 


DISCUSSION 


In a previous report from this laboratory (3) it was shown that 
in any process whereby the enzymes were inactivated by heat, 
whether by mechanical driers, with either heated air or hot flue 
gas, or by sterilization by treatment in an autoclave, alfalfa was 
produced with high vitamin A value. This was confirmed in 
Sample 1, in which the enzymes were inactivated by sterilization 
in an autoclave. The vitamin A value of this sample is so high 
that it might indicate that there was practically no deterioration 
from that of the fresh plant. This appears probable in view of the 
recent work of Russell (5) who found that machine-dried alfalfa 
contained as much carotene, to which the vitamin A value of 
alfalfa is probably due, as freshly cut material from the same field. 

If the major deterioration of vitamin A value of alfalfa during 
the curing process is due to other factors than enzymes, one would 
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naturally expect that if the moist alfalfa secured after inactivation 
of the enzymes was subjected to incubation at a warm tempera- 
ture for 24 hours and then sun-dried, there would be marked 
deterioration of the vitamin A value. However, the biological 
assays of Sample 2 show that little or no deterioration took place. 
This would indicate that inactivation of enzymes by heat practi- 
cally inhibited all deterioration of the vitamin. 

Direct evidence that enzymes are destructive to the vitamin A 
value of alfalfa was obtained in Sample 3. This sample received 
the same treatment as Sample 2, except that active enzymes were 
introduced by the addition of fresh potato juice. These enzymes 
caused a destruction of more than 50 per cent of the vitamin A in 
this sample as in contrast to Sample 2 in which little or no dete- 
rioration took place. However, the destruction was not as great 
as that in Samples 5 and 8, although all samples were incubated 
at 37° for 24 hours. A possible explanation for these differences 
may be that the enzymes which were added by means of the po- 
tato juice were not of equal concentration to that of the naturally 
occurring enzymes in alfalfa or that they did not permeate the 
tissues sufficiently to be as effective in their destructive action as 
the naturally occurring enzymes in Samples 5 and 8. 

Another method to gain an insight into this problem was to 
study the deterioration of vitamin A produced by heating to 
temperatures which more or less influence enzyme action. It is 
well known that enzyme activity is high at 37° and as the tem- 
perature is lowered the enzyme activity decreases. Therefore, 
if the activity of the naturally occurring enzymes of alfalfa were 
controlled by holding the material at definite temperatures, this 
might also affect the deterioration of vitamin A. In Samples 4 
to 8 the natural plant enzymes were not inactivated until after 
the 24 hour digestion period. The results show that there is a 
direct correlation between the effect of temperature on the de- 
struction of vitamin A and the effect of temperature on enzyme 
activity. In Samples 4 and 6, which were held at 4° for 24 hours 
before inactivation of the enzymes, the vitamin A value was some- 
what lowered as compared with Sample 1, which is not surprising 
when one considers that there is some enzyme activity even at this 
low temperature. In Sample 7, in which the enzyme activity 
was increased by a temperature of 25°, a greater deterioration of 
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vitamin A occurred, while in Samples 5 and 8, which were held at 
temperatures most favorable to enzyme activity, the destruction 
was the greatest. 

In Samples 4 and 5, the alfalfa was frozen at —25° for 2 hours, 
defrosted, and then digested at 4° and 37°, respectively. The 
results show that the destruction of vitamin A in these samples 
was somewhat greater than in the corresponding Samples 6 and 8. 

Every sample used in this experiment was subjected to steriliza- 
tion in an autoclave at some time during the treatment period, 
which inactivated the enzymes, before being dried by exposure to 
the sun’s rays. Since the drying conditions were identical with 
all samples, sunshine can be eliminated as a contributory factor 
toward the production of the differences found in these samples. 
Furthermore, since Sample 1 possessed greater potency than any 
sample hitherto tested in this laboratory, it appears evident that 
the sun’s rays do not contribute directly to the destruction of 
vitamin A in alfalfa. However, in the field curing process, where 
natural enzymes are still active, the sunshine probably has an 
indirect effect by producing temperatures which accelerate en- 
zyme activity. 


SUMMARY 


1. A study was made of the relation of enzyme activity to the 
destruction of the vitamin A factor in alfalfa. 

2. By immediate inactivation of the enzymes in alfalfa, it is 
possible to produce dried alfalfa of very high vitamin A potency. 

3. The digestion at 37° of alfalfa in which the natural enzymes 
have been inactivated resulted in little or no deterioration, while 
digestion of such material to which active enzymes have been 
added resulted in marked destruction of this factor. 

4. In samples containing the active plant enzymes, which were 
treated at temperatures which influence enzyme activity, there 
was found to be a direct correlation between the effect of tempera- 
ture on the destruction of vitamin A and the effect of temperature 
on enzyme activity. 

5. Evidence is presented which shows that enzymes are directly 
responsible for the destruction of the vitamin A value of alfalfa 
during the curing process and that sun’s rays have only an indirect 
effect by producing temperatures which accelerate enzyme activity. 
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A NEW METHOD FOR THE DETERMINATION OF THE 
ACID-BASE BALANCE IN FOOD MATERIALS 


By JEHIEL DAVIDSON anp J. A. LECLERC 


(From the Food Research Division, Bureau of Chemisiry and Soils, United 
States Department of Agriculture, Washington) 


(Received for publication, November 1, 1934) 


The acid-base balance in a food material is generally determined 
by computations based on its content of the acid-forming elements 
phorphorus, sulfur, and chlorine and the base-forming elements 
potassium, sodium, calcium, and magnesium. The quantity of 
these elements in a given weight of food material is converted into 
cc. of normality values, and the difference between the sum of the 
acid values and the sum of the base values is the base balance or 
the acid balance, as the case may be. Those elements which are 
present in relatively small quantities are generally disregarded. 

This procedure, when the mineral analysis of the food is not an 
object in itself, is cumbersome and time-consuming. The possi- 
bility of analytical error is increased by the many determinations 
involved in this method, some of them tedious and protracted. 
There is also a lack of agreement as to the method of calculating 
the acidity equivalent of phosphorus. The PQ, anion, having a 
valency of 3, is considered trivalent by Berg (1) in his calculation 
of the acid-base balance of food materials. On the other hand, 
Sherman and Gettler (2) in similar calculations consider the PO, 
anion as bivalent, probably because of the fact that potassium, 
which is the principal base-forming element in plant materials, 
in its dibasic phosphate form yields an alkaline reaction. How- 
ever, the reaction of dipotassium phosphate is perhaps too far on 
the alkaline side, the pH value of a 0.1 m solution being 9.0 to 
10.0 (3,a). 

Berg’s calculated values are consequently more acid than those 
of Sherman and Gettler, whereas the values based more closely on 
the stoichiometric relations of the ash constituents should occupy 
a place between the two, since the neutralizing power of phos- 
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phoric acid will vary with the base. Thus in titrating phosphoric 
acid against potassium hydroxide the neutral point will be reached 
when a mixture of monopotassium and dipotassium phosphates is 
formed. But in titrating phosphoric acid against calcium or 
magnesium hydroxide, the salts formed when neutrality is reached 
will be close to the tribasic form. Hence, in cereals, which con- 
tain little calcium or magnesium, the PO, anion ought to be con- 
sidered partly monovalent and partly bivalent. On the other 
hand, in vegetables, which generally have a relatively high content 
of calcium and magnesium, this anion should be considered tri- 
valent if there is enough of these elements to combine all the phos- 
phoric acid, and partly monovalent, partly bivalent, and partly 
trivalent when there is not enough calcium and magnesium to 
neutralize all the phosphoric acid. The sulfur content also has 
to be considered in this connection, because sulfuric acid likewise 
forms a relatively insoluble salt with calcium. 

Direct titration of the ash for the purpose of determining the 
acid-base balance would have shown the actual acid-base relation- 
ships between the ash constituents, but this procedure has not 
heretofore been used by the investigators mentioned, probably 
because of the losses of sulfur and chlorine occurring during the 
ordinary process of ashing; 7.e., when no precautions are taken to 
prevent these losses. 

To overcome the objections mentioned above to the direct 
titration of the ash, Frear (4) ignites plant material with mag- 
nesium nitrate to prevent loss of both chlorine and sulfur during 
combustion. He dissolves the ash in an excess of normal acid 
and titrates back with normal alkali. The values thus obtained 
are corrected for the magnesium equivalent of the added mag- 
nesium nitrate, on the assumption that the nitrate anion is com- 
pletely removed during combustion. 

This procedure is open to serious objections. First, the nitrate 
anion of the magnesium nitrate is not always completely driven 
off during combustion. Tests obtained on heating 3 gm. of mag- 
nesium nitrate at 550°, both alone and with 1 gm. of plant ma- 
terial (which is about the rate of Mg nitrate used by Frear), long 
enough to obtain a white ash gave 0.8 to 0.9 mg. of nitrate nitro- 
gen, which is equivalent to 0.6 cc. of 0.1 N nitric acid. For Frear’s 
((4) p. 680) base balance value of corn this would introduce an 
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error of 25 per cent. But the error coming from this source is not 
constant and will vary with conditions. 

Second, the base value of the added magnesium will always be 
many times the acid or base balance value of the food material. 
In the case of the corn mentioned above the base balance value 
of the material is only about 1 per cent of the base value of the 
added magnesium.' It is obvious that in this case the base balance 
value of the corn is well within the limits of experimental error 
of the total base balance value. 

Third, in titrating phosphoric acid in the presence of an excess 
of magnesium, PO, will always act as a trivalent ion and will 
yield base balance values that are too low or acid balance values 
that are too high for classes of foods with a relatively low calcium 
and magnesium content. 


Proposed Method 


The method proposed here is based on the direct titration of the 
ash, with corrections for the sulfur and the chlorine lost during 
combustion. 

The losses of sulfur and chlorine during the ordinary process of 
ashing (without means of protecting losses) are constant, as was 
shown by the agreement of duplicate determinations of these ele- 
ments in ash obtained under such conditions. The sulfur dupli- 
cates agreed within 3 per cent of each other, and the chlorine 
duplicates agreed still more closely. 

The procedure is as follows: An aliquot of the plant or animal 
material is ashed in a platinum dish at 550°. The ash is dissolved 
in an excess of 0.5 Nn acid and is titrated back with 0.1 N alkali. 
Sulfur and chlorine are determined in other aliquots of the same 
material with and without means of preventing losses—magnesium 
nitrate being used to prevent the loss of sulfur and sodium carbon- 
ate the loss of chlorine. The differences between the results of the 
two respective determinations of sulfur and chlorine are the quanti- 
ties of these elements lost during combustion. These losses are 
converted into “normal’’ acid values and subtracted from or added 


1 Frear ((4) p. 677) used 6.25 gm. of Mg (NO;).-6H,O containing 0.585 gm. 
of Mg per 2 gm. of dry material, which is an equivalent of 49 ec. of w alkali 
solution. The base balance for 2 gm. of corn is given as 0.5 cc. of Nn alkali 
((4) p. 680). 
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to the titration values, depending upon whether it is a base or an 
acid balance. 


EXPERIMENTAL 


The proposed method was tried on fifteen samples of leafy vege- 
tables obtained by this laboratory for the study of the variation 
in the mineral content of vegetables grown under varying condi- 
tions of climate, soil, etc. These materials were washed, dried at 
60°, ground, and kept in glass jars. A complete analysis of these 
materials, made in this laboratory according to the Association 
of Official Agricultural Chemists’ methods, was available for com- 
puting acid-base balance values according to the old method. 

1 gm. aliquots were ashed, dissolved in the 0.5 N acid, and titrated 
back with the 0.1 n alkali, with phenolphthalein as an indicator. 
This indicator was chosen because the pH of its turning point is 
close to that of 0.1 m dipotassium phosphate, which fact tended 
to make the titration values comparable with the computed values 
where the PO, ion had been considered as bivalent. 

Supplementary determinations of sulfur and chlorine in the ash 
of the respective vegetables, the ash being obtained without loss- 
preventing means, were used for computing the corrections of the 
titration values as pointed out above. 

The comparative results obtained by the old method and those 
obtained by the proposed titration method are given in Table I. 
The figures represent the number of ce. of 0.1 N alkali per gm. of 
dried material. The base balance values obtained by the two 
methods show the same general tendency, inasmuch as their gen- 
eral relationship in the analyzed vegetables is the same. The 
corrected titration values, except in the case of the cauliflowers, 
are all lower than the computed values. This may be explained 
by the fact that at the pH of the turning point of phenolphthalein 
part or all of the phosphoric acid acted as a tertiary ion. 

The exception in the case of the two cauliflowers, which gave 
titration values higher than the computed values, may be explained 
by the fact that because of their low calcium and high sulfur con- 
tent all the phosphoric acid in the ash was combined with potas- 
sium and sodium. Under such conditions the pH of the turning 
point of phenolphthalein would be reached before the phosphoric 
acid reaches the dibasic state, so that part of it might have been 
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monobasic. In such a case the titration values of the ash constit- 
uents would be expected to be somewhat higher than the com- 
puted values. 

In Table II (Column 3) the acid value of the phosphorus con- 
tent of the vegetables was recalculated on the postulation that 
the PO, ion was trivalent and not bivalent as in Table I. The 
total acid values (Column 4) and the base balance values (Column 


TaBLe II 


Recalculated Acid and Base Balance Values Considering Phosphoric Acid 
Anion As Trivalent 


The results are expressed in cc. of 0.1 N acid or base per gm. of dried 
substance. 
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5) were recalculated on the same basis. The recalculated base 
values are compared with the corrected titration values (Column 
6). When the combined base values of calcium and magnesium 
(Column 1) and the acid values of sulfur (Column 2) are taken 
into consideration, this comparison confirms, as well as could be 
expected, the theoretical reasoning concerning the changing val- 
ency of the PO, ion with reference to the neutralizing value of the 
individual basic ash constituents. On the assumption that cal- 
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cium will combine with the sulfate anion first, the sulfur acid 
values are subtracted from the combined calcium and magnesium 
base values. When the excess of these values is sufficient to com- , 
bine with the entire corresponding acid value of phosphorus, the 
base balance values computed on the basis of trivalent phosphorus 
(Column 5) are in every case close to the corrected titration values, 
indicating that the PO, ion in the ash has functioned as trivalent. 
When the excess of the base values of calcium and magnesium is 
not sufficient to combine with all the phosphorus, or when none 
is available for this purpose, the computed base balance values are, 
save for three exceptions, lower than the titration values, indicat- 
ing that the neutralizing power of the phosphorus in the ash was 
partly or wholly that of a bivalent ion or even in the case of the 
cauliflowers, partly that of a monovalent ion. 

These considerations seem to indicate the general principles to 
be applied in regard to the changing valency of the PO, ion when 
one computes the acid-base balance from the analysis of the ash 
constituents instead of assuming that the anion is uniformly bi- 
valent or uniformly trivalent. 

These considerations also indicate that the values obtained by 


the proposed method are based on the stoichiometric relationship 
of phosphorus to the other ash constituents. 


Choice of Indicators 


The indicators most commonly used in acidity and alkalinity 
titrations are methyl red and phenolphthalein. Neither of them 
shows a turning point at exactly pH 7.0. Methyl red turns on the 
acid side (pH 4.2 to 6.3) of the neutral point and phenolphthalein 
on the alkaline side (pH 8.3 to 10) (3, 6). In unbuffered solu- 
tions it is of little importancg whether methyl red or phenol- 
phthalein is used, since 1 drop of 0.1 wn acid or alkali will 
more than cover the difference between these two indicators. 
An ash solution, however, is well buffered owing to the presence 
of phosphates, and the pH differences of the turning points of the 
two indicators should result in appreciable differences in titration 
values. Methyl red should accordingly give higher base balance 
values and phenolphthalein lower values than those obtained 
with an indicator which shows the exact neutral point. That such 
is the case is clearly shown by Table III in which results obtained 
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Tasxe III 


Titration Values Obtained with Phenolphthalein, Methyl Red, and Phenol 
Red in Cc. of 0.1 N Base per Gm. of Dried Substance 
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TasLe IV 


Corrected Titration Values Obtained with Phenolphthalein and Phenol Red 
in Cc. of 0.1 N Base per Gm. of Dried Substance 
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with phenolphthalein and methyl red are compared with those 
obtained with phenol red. The latter values occupy, in every 
case, a position between the corresponding titration values of the 
two other sets. 

Phenol red was found convenient to use and sensitive to 1 drop 
of 0.1 N alkali. Phenol red turns gradually to pH 6.8 and then 
to 7.0. The end-point was established by placing about 10 ce. 
from the titration vessel into a test-tube and comparing the latter 
with a LaMotte phenol red tube of pH 7.0. 

In Table IV the base balance values obtained with phenol red 
and corrected for lost sulfur and chlorine are compared with cor- 
rected phenolphthalein titration values. As was to be expected, 
the values obtained with phenol red are in every case higher than 
those obtained with phenolphthalein. It would seem that phenol 
red or some other convenient indicator that shows the neutral 
point should be used in the titration of ash for the determination 
of the acid-base balance, as the term implies an excess of acid or 
of base over the neutral point. 


DISCUSSION 


The acid-base balance determinations are based upon the 
assumption that in the processes of animal metabolism foods are 
undergoing combustion, with ultimate effects approximating 
those that result from combustion either in an electric muffle 
furnace or other equivalent external heat. In the animal body 
the energy-furnishing organic compounds are completely burned, 
leaving behind the mineral constituents. The acid-base relations 
of foods are therefore assumed to be about the same in the body as 
in their ash obtained outside the animal body. Consequently the 
titration values of the food ash, because they represent the actual 
relationships between the base-forming and acid-forming elements, 
ought to be considered as the standard acid-base balance values. 
It has been shown above that discrepancies between the results 
obtained by the usual computation method and by direct titration 
(with corrections for lost sulfur and chlorine) may be explained 
by the fact that in the computations the stoichiometrical relation- 
ship between phosphorus and the other elements of the ash is 
not considered individually in each case. 

The total number of determinations required in the proposed 
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method is five: one titration of the ash, two determinations of 
sulfur, and two determinations of chlorine. While this is only 
two less than in the computation method (K, Na, Ca, Mg, P, 8, 
and Cl), the five determinations are much simpler and less time- 
consuming than the seven determinations required in the existing 
computation method. Titration is admittedly a simple proce- 
dure. Chlorine is determined volumetrically and sulfur as BaSQ,, 
also two very simple determinations. 

The use of phenol red or other indicator to register neutrality 
is preferable to phenolphthalein, because the values obtained are 
theoretically more precise and also because the pH value of the 
blood is 7.4. In view of the narrow limits of variation in the re- 
spective pH values of all the body fluids, it would be inadvisable 
to use the pH of the turning point of phenolphthalein, about 8.3, 
as the point of demarcation between acidity and alkalinity. The 
same objection may be raised against considering phosphorus as 
bivalent in computing the acid-base balance values from the 
analysis of the ash constituents. This method of computation 
postulates a solution of dipotassium phosphate to be neutral, 
whereas a 0.1 m solution of dipotassium phosphate actually has a 
pH value of 9.0 to 10.0, which is higher than the pH value of any 
of the normal body fluids. 


SUMMARY 


A new method for the determination of the acid-base balance of 
foods is offered. It is based on the direct titration of the ash, with 
corrections for sulfur and chlorine lost during the combustion of 
the materials. 

Fifteen samples of vegetables analyzed by this method gave 
results that compare satisfactorily with those obtained by the 
usual computation method. 

The results obtained by the new titration method are lower than 
those obtained by the usual computation method, except for cauli- 
flower, in which case they are higher. These discrepancies are 
satisfactorily explained by the fact that the stoichiometrical rela- 
tions between phosphorus and the other elements of the ash are 
not taken into consideration in the computation method. In 
computing the base balance values from the ash constituents, the 
phosphate ion was uniformly considered to be bivalent, whereas 
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in the actual relationships of the ash constituents it functioned as 
a monovalent, bivalent, or trivalent ion. 

It is proposed to use phenol red or any indicator that registers 
the exact neutral point (pH 7.0) in obtaining the acid-base balance 
values in the titration method instead of the commonly used 
methyl red or phenolphthalein. The values obtained with phenol 
red were lower than those obtained with methyl red but higher 
than those obtained with phenolphthalein. 
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CHANGES IN THE CONCENTRATION OF REDUCING SUB- 
STANCES DURING THE METAMORPHOSIS OF 
GALLERIA MELLONELLA (BEE-MOTH) 


By FREDERICK CRESCITELLI anv IVON R. TAYLOR 
(From the Biological Laboratory of Brown University, Providence) 


(Received for publication, November 2, 1934) 


Metabolic studies by Taylor and Steinbach (1) have shown that 
the pupal respiratory quotient of the bee-moth (Galleria mellon- 
ella), like that of many other insect pup, is relatively low (0.69 
for the bee-moth pup). In an attempt to explain this quotient 
Taylor and Steinbach have suggested, as a possibility, the occur- 
rence during pupal life of a transformation of fat to glucose. This 
investigation was undertaken for the purpose of obtaining informa- 
tion regarding the glucose concentrations ©) 1]\2 bee-moth during 
metamorphosis. Information of this type is necessary before any 
adequate interpretation of the significance of the respiratory quo- 
tient can be made. 

Investigations of the glucose content of insects during metamor- 
phosis have already been made by Bataillon (2), Frew (3), and 
Ludwig (4). Frew (3) has studied the changes in glucose content 
during metamorphosis of the blow fly. His results indicate that 
a period of increasing glucose concentration just prior to pupation 
is followed by a brief period, immediately after pupation, during 
which the glucose content falls rapidly. For certain points during 
pupal life Frew has reported the occurrence of sudden increases in 
the glucose content. These results have been interpreted by 
Frew as indicating that a synthesis of glucose occurs during the 
metamorphosis of the blow fly. Frew suggests that the glucose 
is derived from protein during the early portion of pupal life and 
from fat during the last half of the pupal period. 

The changes in concentration of total carbohydrate or glycogen 
during insect metamorphosis have also been investigated by a 
number of workers, including Bataillon (2), Weinland (5), Kotake 


349 





350 Reducing Substances of Bee-Moth 


and Sera (6), and Evans (7). Further references to this particular 
subject are given by Needham (8) and Uvarov (9). 


Material and Methods 


The bee-moth, Galleria mellonella, was used in this investigation. 
Animals were selected for the experiments from cultures which 
have been kept at the Brown University laboratory at 30° for the 
past 7 years. The method of procedure was to determine the 
concentration of reducing substances in aqueous extracts of the 
insects at various stages during prepupal and pupal development. 
The Hagedorn-Jensen (10) method was employed in carrying out 
the determinations. Because it is realized that other reducing 
substances besides glucose may have been present in the aqueous 
extracts to influence the determinations, the writers prefer to use 
the term reducing substances rather than glucose in reporting 
results. The presence of glucose in the bee-moth has been defi- 
nitely proved. A qualitative examination, including the osazone 
test, has shown this sugar to be a constituent of the bee-moth body. 

The analyses were made on a total of 230 pup# and twenty-two 
prepupe. Each analysis was carried out on a group of animals, 
four to eleven individuals of the same age and state of development 
constituting a group. In this manner groups of insects at various 
stages in prepupal and pupal life were examined for their content 
of reducing substances. In determining the age of each animal 
the commencement of spinning was regarded as marking the be- 
ginning of the prepupal stage and the act of pupation, the begin- 
ning of pupal life. The experimental procedure in carrying out the 
chemical analyses consisted of a careful trituration of the pre- 
viously weighed and washed animals, an extraction of them with 
warm water, a precipitation of the proteins with freshly prepared 
Zn(OH)s:, and then a determination by a routine Hagedorn-Jensen 
analysis of aliquot portions of the filtrate. Each determination 
was carried out in quadruplicate. In the case of the pup# the 
sexes were segregated and the animals in each group were of one 
sex. Since, however, the animals showed no sex difference in 
content of reducing substances, the results will be reported with- 
out reference to sex. All the animals used in these experiments 
were kept throughout life in an incubator at 30° + 0.1° up to the 
time of analysis. 
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RESULTS AND DISCUSSION 


The results of the analyses are shown, in averaged form, in 
Fig. 1.1 

These results clearly indicate the occurrence of a continuous rise 
in the concentration of reducing substances during the period of 
spinning. In this respect, the results are similar to those of Batail- 
lon (2) with the silkworm, Frew (3) with the blow fly, and Ludwig 
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Fig. 1. Changes in the concentration of reducing substances during 
metamorphosis of the bee-moth. Temperature, 30°. The figures on the 
curve indicate the number of animals used in obtaining each point. 





(4) with the Japanese beetle. Immediately after pupation the 
concentration of reducing substances undergoes a relatively sharp 
decrease; this, in turn, is followed by another period of increasing 
concentration which leads to the attainment of a maximum value 
for the pupa. Just before emergence of the moth there occurs a 
sudden drop in the content of reducing substances. Frew (3) 


1 Another and separate series of analyses on 122 animals has also been 
carried out. This series has involved the analysis of the animals indi- 
vidually, rather than in groups. The results of this series are essentially 
similar to those described here. 





352 Reducing Substances of Bee-Moth 


and Ludwig (4) have also reported a decrease in the glucose con- 
tent following pupation. Ludwig’s results also show an increase 
in glucose concentration toward the end of pupal life. The curve 
representing the changes in concentration of reducing substances 
during metamorphosis of the bee-moth (Fig. 1) shows a general 
similarity to the metabolic rate curves (Taylor and Steinbach (1)) 
and the hydrogen ion activity curves (Taylor, Birnie, Mitchell, 
and Solinger (11)) of the bee-moth during metamorphosis. The 
significance of these resemblances is not at present evident. 

If it be assumed that the results presented in this paper are due 
chiefly to glucose within the bee-moth body, then an explanation 
must be sought for the increase in glucose content which occurs 
during the spinning period and during the last half of pupal life. 
Apparently there is a production of glucose from some constituent 
of the body, since the animal, taking no food during metamorpho- 
sis, constitutes a closed system in so far as the exchange of solid 
materials is concerned. What this constituent or constituents 
may be, can only be surmised at present. It does not appear likely 
that the glucose is derived from stored carbohydrate, since it has 
been impossible for us to detect any significant amounts of glyco- 
gen in Galleria during prepupal and pupal life. On the other 
hand, there is no reason for believing that stored fats cannot be 
transformed, in part at least, to glucose. Preliminary analyses 
have shown that there is a decrease of fatty substances throughout 
the pupal period. Evidence for the conversion of fat to carbohy- 
drate in the germinating castor bean has recently been obtained 
by Murlin (12). It is conceivable also that proteins may be 
transformed to glucose. Protein or amino acid analyses of the bee- 
moth have not, as yet, been attempted by the authors. Whatever 
the source of glucose, there is no need to assume that it is produced 
only during the periods of increasing glucose concentration. It is 
quite possible that the formation of glucose occurs continuously 
throughout metamorphosis but that utilization of this sugar in 
metabolic reactions at a rate faster than it is produced may account 
for the periods of decreasing glucose content. 


SUMMARY AND CONCLUSIONS 


The changes in concentration of reducing substances in the 
bee-moth during metamorphosis have been investigated and the 
following results have been obtained. 
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1. The period of spinning (prepupal stage) is a period of increas- 
ing concentration of reducing substances. 

2. During pupal life the concentration of reducing substances 
decreases at first, then rises. There occurs a final drop in concen- 


tration just prior to emergence. 
3. On the assumption that the reducing substances consist 


mainly of glucose, it is probable that a synthesis of this sugar occurs 
during the metamorphosis of the bee-moth. 
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THE EFFECT OF THE ANTERIOR PITUITARY GROWTH 
HORMONE ON PROTEIN METABOLISM 


By NORWOOD K. SCHAFFER anp MILTON LEE 


(From the Memorial Foundation for Neuro-Endocrine Research and the 
Biochemical Laboratory, Harvard Medical School, Boston) 


(Received for publication, November 8, 1934) 


Considerable evidence has accumulated which indicates that 
the anterior pituitary growth hormone plays an important réle in 
protein metabolism. During its administration to animals the 
excretion of urinary nitrogen is markedly decreased. Teel and 
Cushing (1) reported this finding in dogs fed on a constant diet. 
Gaebler (2) has performed nitrogen balance experiments with dogs 
and found that under a constant, high protein diet the growth hor- 
mone caused as much as 50 per cent decrease in the daily urinary 
nitrogen, while the fecal nitrogen was unchanged. Determina- 
tion of the urine nitrogen partition showed that lessened urea 
excretion accounted for practically the whole decrease. Ammonia 
excretion, although small, increased 60 per cent, and creatinine 
excretion showed no significant change. In a prolonged nitrogen 
balance experiment of 11 weeks with rats under paired feeding, 
Lee and Schaffer (3) found that treated pair mates consistently 
excreted less nitrogen per week than did their controls. The 
weekly excess nitrogen retention paralleled the excess gain in 
weight. It was greatest in the lst week, when the treated rats 
excreted 20 per cent less nitrogen than the controls on the same 
food consumption. 

Examination of blood has revealed that certain of its nitroge- 
nous constituents are affected. Teel and Watkins (4) found a de- 
crease of 20 to 30 per cent in the blood non-protein nitrogen of 
dogs 5 to 12 hours after injection of growth hormone. The great- 
est decreases were in urea, amino acids, and undetermined nitro- 
gen. No significant changes were found in uric acid or preformed 
and total creatinine. Gaebler (2) also found that the blood non- 
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protein nitrogen decreased. Cushing and Teel (5) reported that 
there was no change in the serum protein under the injection condi- 
tions of Teel and Watkins. Goldberg (6), on the other hand, in- 
jecting Evan’s extract daily for a week in dogs, found both an 
increase of 28 per cent in the blood non-protein nitrogen and an. 
increase of 13 per cent in serum protein. In his experiment feed- 
ing was presumably ad libitum. 

The retained nitrogen may be built into permanent body tissue 
or converted into reserve protein. Withdrawal of growth hor- 
mone after a short period of treatment is promptly followed by an 
increased excretion of nitrogen in the urine (2). Withdrawal of 
treatment after longer periods results in a loss of only a portion of 
the retained nitrogen (7). This may indicate that reserve or 
deposit protein is first increased and permanent body protein 
more slowly. 

The effect of the hormone on growth and the composition of the 
tissue produced in that growth, when the factor of food consump- 
tion was controlled, has been reported by Lee and Schaffer (3). 
In paired rats, over a period of 11 weeks, the treated mates with 
the same food consumption as their controls gained 70 per cent 
more in body weight and 145 per cent more nitrogen. The treated 
animals maintained their initial composition; their gain in weight 
was not due to excess deposition of fat or water, but represented 
true body growth. 

Studies on hypophysectomized animals give evidence that after 
removal of the gland there is a profound disturbance in the nitro- 
gen metabolism. Aschner (8) in 1912 noted that after 4 or 5 days 
of fasting, hypophysectomized dogs excreted one-half to one-third 
less nitrogen per kilo of body weight than did normal dogs. The 
difference was more pronounced in young than in fully grown 
animals. Braier (9) found that fasting hypophysectomized dogs 
excrete about 30 per cent less nitrogen and 30 to 35 per cent less 
creatinine than normal dogs. The minimum endogenous excre- 
tion of urinary nitrogen after 17 days of nitrogen-free feeding was 
34 per cent lower in hypophysectomized than in normal dogs. 
Marenzi (10), working with toads, found a decrease of 33 per cent, 
both of glutathione and phosphocreatine, in the muscles of hypo- 
physectomized as compared with normal animals. The liver 
glutathione was reduced 28 per cent. Injection of the growth 
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hormone into the hypophysectomized animal practically restored 
the normal values. De Lissner (11) found a decrease of 10 per 
cent in the blood glutathione of the hypophysectomized dog. 
This lowered value likewise was restored to normal by injection 
of the growth hormone. 

The effect of growth hormone on muscle and liver glutathione in 
normal rats has been studied by Gregory and Goss (12), who found 
that treatment for 15 days produced an increase of about 17 per 
cent in the total iodine-reducing substances (mainly glutathione). 

We have considered that changes in the nitrogenous constituents 
of the tissues themselves and of the whole carcass rather than of 
the blood or urine may give more pertinent evidence on the influ- 
ence of the growth hormone on intermediary protein metabolism. 
This paper reports changes in the free amino acids, peptide amino 
acids, urea, ammonia, non-protein nitrogen, and total nitrogen in 
the tissues as a whole, and in liver and muscle, during short periods 
of treatment with growth hormone, in normal and hypophysec- 
tomized rats. 


Procedure 


Paired albino rats, either males or females, aged 5 to 12 months 
and usually on their growth plateaus, were used. Each pair con- 
sisted of animals matched for age, sex, body weight, and previous 
growth history. The rats were used in groups of two to five pairs 
each, one of each pair serving as a control and the other a treated 
animal. In each experiment control and treated rats were fasted 
for the same length of time before being killed—usually 10 to 18 
hours—or were fed a nitrogen-free diet for 24 hours (Series IV). 
In one experiment paired feeding of treated and control mates 
was maintained for 19 days. 

The treated animals received varying dosages of growth hor- 
mone, ranging from 30 to 63 units. These doses (four to seven 
in number) were distributed over periods of 10 to 14 hours and the 
animals killed 2.5 to 8 hours after the last injection. The growth 
hormone preparation was the same as that previously used (3), 
a partially purified, assayed, globulin extract. A unit corresponds 
to the growth-promoting potency of from 15 to 20 mg. of fresh 
beef anterior lobe. 

The rats were killed by stunning, the abdomen opened, and the 
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bladder with its contents clamped off, removed, and discarded, 
because of the variable amounts of urine contained. The ali- 
mentary tract was removed, and either discarded with its contents, 
or was emptied, washed, and returned to the carcass (Series IV). 
The liver was removed from the animal and treated separately. 

The empty carcasses were chopped in several pieces and hashed 
in a meat grinder. In some series (Nos. I to III, VI to VIII) the 
minced tissue was collected directly into a tared vessel of cold 3 
per cent trichloroacetic acid. In Series IV and V the minced 
tissue was collected in a vessel containing CO, snow, frozen 
quickly, mixed, and reground several times while frozen. Aliquot 
samples of this homogeneous mixture were taken for the prepara- 
tion of filtrates. The length of time from killing the animal to 
placing the tissues in the trichloroacetic acid was about 3 minutes. 
In the preparation of liver and muscle filtrates, the tissues were 
either ground in a mortar with cold 3 per cent trichloroacetic acid 
or were frozen with CO, snow immediately after removal, pulver- 
ized while frozen, and mixed well before aliquot samples were 
taken. 

For non-protein nitrogen determinations a weighed amount 
of tissue was put into 4 volumes of cold 3 per cent trichloroacetic 
acid, the mixture stirred vigorously at intervals, allowed to extract 
overnight (with toluene) in the cold room, then filtered through 
Whatman No. 5 paper. Clear filtrates were always secured. 

Aliquot samples of the frozen, minced tissues were taken for 
determination of the total nitrogen. 


Methods 


Free Amino Acid N—Folin’s colorimetric method as modified by 
Danielson (13) was used. The principal adaptation for tissue 
analysis was the selection of leucine as the standard. Of a number 
of amino acids and combinations it was found to match best the 
color given by the tissue solution. The standard leucine solution 
contained 0.075 mg. of amino nitrogen per cc. in 0.1 N hydrochloric 
acid and 0.2 per cent sodium benzoate. For analysis 1 ce. or 0.075 
mg. was taken as the standard throughout the work. Since the 
amino acid concentration of tissues is high, viz. 40 to 60 mg. per 
cent, there is no necessity for using a weak standard as in the blood 
determination. A 0.15 mg. standard with twice the amount of 
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unknown was found to give the same value as that given by the 
0.075 mg. standard. 

Ammonia, which gives a color with the amino acid reagent, was 
removed by aeration and determined. Permutit was not used 
because it is known to adsorb lysine, histidine, and arginine (14), 
although it offers one advantage in that amines would be removed. 
The salt error on the color, due to neutralized alkali of aeration, 
is negligible under the given conditions. Sodium carbonate rather 
than Folin’s potassium carbonate-oxalate solution (15) was used 
to avoid excess salt. Antifoam oil may be eliminated by employ- 
ing the new aeration technique of Folin (15). 

A few experiments (free amino acid N in Tables III and IV) 
were made with Van Slyke’s manometric method (16) for compari- 
son with the results of the colorimetric method. The filtrates 
(neutralized) used for these determinations were not treated with 
infusorial earth as Luck (17) reeommended for trichloroacetic acid 
filtrates. Corrections were made for ammonia and urea. 

12 or 13 ce. of the trichloroacetic acid filtrate were added to a 
digestion tube, graduated at 35 cc., and neutralized with sodium 
hydroxide. Antifoam oil and 2 cc. of 10 per cent sodium carbonate 
were added and the solution was aerated. It was then neutralized 
with hydrochloric acid, diluted to 35 ce., and filtered. 2 ec. were 
taken for analysis in a 25 cc. test-tube, 1 ec. of 0.1 n hydrochloric 
acid added, and dilution to 10 cc. was made. 1 cc. of the standard 
was also diluted to 10 ce. The procedure from this point was the 
same as in the amino acid determination in 10 ec. of blood filtrate 
(13). 

Peptide Amino Acid N—The peptide amino acid fraction is the 
difference between the total and the free amino acids. Leucine 
also gives a good match in color with the total amino acids. The 
hydrolysis time of 24 hours, taken from Hiller and Van Slyke (18), 
may be longer than necessary. In one experiment it was found 
that hydrolysis for 12 hours and 24 hours gave the same value. It 
is only in the case of liver filtrates containing much glycogen that 
difficulty is encountered. The charring in these filtrates is some- 
times enough to alter the color shade so that no reliable analysis 
can be obtained. 

8 to 10 cc. of the trichloroacetic acid filtrate were added to a 
digestion tube graduated at 35 ce. An equal volume of concen- 
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trated hydrochloric acid was added, the tube covered with a small 
beaker, and heated in a boiling water bath for 24 hours, the initial 
volume being kept about the same. The cover was removed and 
the solution evaporated just to dryness. About 5 ce. of water 
were added, the tube heated to dissolve the residue, and the solu- 
tion was neutralized. Antifoam oil and 2 cc. of 10 per cent sodium 
carbonate were added and the mixture aerated. The rest of the 
procedure was the same as in the free amino acid determination. 

Urea—The urease method (19) with aeration and Nesslerization 
was employed. Folin’s new ammonia absorption tubes (15) were 
used. 

3 to 7 ce. of the trichloroacetic acid filtrate were added to a 50 
ec. digestion tube, neutralized, and digested. The solution was 
diluted to about 10 cc. and aerated with 2 cc. of 10 per cent sodium 
carbonate or Folin’s carbonate-oxalate solution. 

Non-Protein Nitrogen and Total Nitrogen—The Kjeldahl method 
was used for the non-protein nitrogen and total nitrogen 
determinations. 


Check Experiments 


Effect of Different Trichloroacetic Acid Concentrations on Tissue 
Peptide Amino Acids—Hiller and Van Slyke (18) showed that a 
blood filtrate prepared with 10 volumes of 2.5 per cent trichloro- 
acetic acid gave higher peptide amino acid and non-protein nitro- 
gen values than one prepared with 10 volumes of 5 per cent tri- 
chloroacetic acid. We have found that the same is true of tissue 
filtrates (Table I) and have used the lower acid concentration be- 
cause we were interested in the peptide amino acid fraction. The 
smaller volume was chosen for the convenience of using smaller 
samples for analysis, especially for ammonia determinations. 4 
and 6 volumes of 3 per cent trichloroacetic acid gave identical non- 
protein nitrogen values. 

Recovery of Added Urea and Leucine—Urea (380.1 mg.) was 
added to a trichloroacetic acid extract of 250 gm. of rat tissue after 
a sample had been taken for urea analysis (tissue urea N was 39.1 
mg. per cent). There were found 271 mg. of urea N; calculated, 
268.5 mg.; recovery, 101 per cent. 

Three 40 gm. samples of well mixed rat tissue prepared in liquid 
air were taken. Regular extraction of two samples gave amino 
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acid values of 36.8 and 37.8 mg. per cent. To the third sample 
were added 233.4 mg. of leucine. There were found in the extract 
40.7 mg. of amino acid N; calculated, 39.9 mg.; recovery, 102 per 
cent. 

Free and Peptide Amino Acid Values of Tissue—The higher free 
amino acid values of Series III and IV in Table III are perhaps not 


TaBLE I 


Effect of Different Trichloroacetic Acid Concentrations on Tissue Peptide 
Amino Acids of Whole, Hypophysectomized Rat Carcass 





Free Peptide 
Filtrate amino acid amino acid a 





mg. per cent|mg. per cent|mg. per cent 














4 volumes 3% trichloroacetic acid...........| 51.4 39.2 250 
4 = 5% vy 7 aedesni it es 24.2 234 
Tasie II 


Effect of Fasting Period on Non-Protein Nitrogen Constituents of Normal Rats 
(without Livers) 























Seriee No, | No, gfzate | Freeamino | gming acid | Urea N | Ammonia | Time ot 
I 3 9 40.3 21.7 3.0 13 
II 4c 39.4 36.9 3.5 16 
Ill 4q° 40.9 34.1 20.9 3.9 10 
IV 3a 39.3 37.0 26.6 4.1 16 
V 49 33.5 21.3 32.3 3.3 41.5 
VI 49 33.9 21.1 25.0 3.1 41.5 








* Young males; average weight, 130 gm. 


due to normal variation but to partial autolysis. Series I and II 
were carried out with the same tissue preparation procedure; 1.e., 
grinding the carcass directly into trichloroacetic acid. In Table 
II are summarized the values of these groups (Series I and II) and 
other normal groups with this technique. The normal free amino 
acid concentration of whole rat tissue is constantly about 40 mg. 
per cent at about 15 hours fasting, and is dependent on the time 
of fasting. In these free amino acid determinations samples of 
the neutralized trichloroacetic acid filtrate were taken for aeration. 
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In Series IV the CO, snow technique was employed. This freez- 
ing procedure was not as efficient as that with liquid air so that 
some postmortem change might have occurred. The higher 
ammonia values of Series IV indicate this. These higher ammonia 
and free amino acid values of Series IV are not due to the use of 
unneutralized filtrates for aeration. 

It should be noted that the free amino acid fraction consists of 
more than simple amino acids. Glutathione, for example, gives a 
color which is quantitative for its free amino group (13). Glycyl- 
glycine and alanylglycine react. It is reasonable to expect that 
all small peptides would give a color. The data in Table I 
show that some of the peptide amino acid fraction, i.e. that dis- 
solved by 3 per cent and not by 5 per cent trichloroacetic acid, 
does not react. §-Alanine was found to give a color of about one- 
half of its amino group. Therefore we should expect carnosine to 
react. Sarcosine is positive and ergothioneine is negative (I. 8S. 
Danielson). It is known that amines react with the amino acid 
reagent (20) and it was found that adrenalin givesacolor. Purine 
amino nitrogen, e.g. adenine, does not react. It is clear from these 
considerations that any change in the free amino acid fraction 
may involve peptides as well as free amino acids, especially if the 
peptide fraction also changes. The peptide amino acid fraction 
may consist of polypeptides, peptones, and proteoses (17, 18). 

Urea and Ammonia Methods—Kiech and Luck (21) advanced 
a priori objections to the use of the urease method for tissue urea 
analysis. One was that the urea determination would have to 
be accompanied by the determination of preformed ammonia and 
that this would be difficult in view of the lability of its precursors. 
The other was that the work of Addis (22) threw grave doubt 
upon the permissibility of the urease method in the presence of 
arginase. Addis demonstrated urea formation in blood and 
aqueous liver suspensions in the presence of urease, presumably 
due to the action of tissue arginase on the arginine in urease. 
Concerning the first objection it is clearly not necessary to deter- 
mine the preformed ammonia. All that is required is that the 
tissue ammonia concentration as determined by the ammonia 
method be the same as that which accompanies the urea in the 
urea determination. During the urease digestion some non-urea 
ammonia might possibly arise which would not be measured by 
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the given ammonia method. However, we have controlled the 
conditions of the digestion period for the ammonia determination 
and have found that no additional ammonia was formed. Con- 
cerning the arginase objection, it is doubtful that there would be 
any or enough to matter after the treatment that the tissue is given 
with the trichloroacetic acid. 


Results 


Tables III to V give the data on the non-protein nitrogen con- 
stituents in four series of control and treated rats for whole carcass, © 
liver, and muscle respectively. Under the column of remarks in 
Table III are given the particular conditions for each series. 
These conditions of fast period, dosage of growth hormone, and 
time of killing after the last injection were varied somewhat from 
series to series and may possibly account for some of the variation 
in the values of different series. 

It is clear from these results that a short period of growth hor- 
mone treatment produces decreases in the free amino acids, pep- 
tide amino acids, urea, and non-protein nitrogen and a slight in- 
crease in ammonia in all of the tissues studied. 

In Series IV the alimentary tract and bladder were emptied, 
washed, and hashed with the remainder of the carcass. This was 
an experiment in which four pairs of litter mate female rats were 
placed on paired feeding for 19 days. During that time the treated 
member of each pair received 3 units of growth hormone daily. 
The four control rats gained 60 gm. during the 19 days; their four 
treated mates gained 79 gm. or an excess of 19 gm. At death, the 
four treated animals contained 30.83 gm. of nitrogen in carcass and 
liver combined, while the controls contained 28.48 gm. 

Assuming that the composition of the two groups was the same 
at the beginning of paired feeding and treatment, the four treated 
animals retained 2.54 gm. more nitrogen than did their control 
mates. Despite the percentage decreases in non-protein constitu- 
ents, as shown in Table III, the absolute amounts of non-protein 
nitrogen were practically the same in the two groups. It is ob- 
vious, then, that the excess nitrogen retained in the treated rats 
was in the protein fraction. 

In Table VI are given the data on several groups of hypophysec- 
tomized rats and in two groups of hypophysectomized animals 
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treated with growth hormone. The length of time after hypo- 
physectomy varied from 14 to 66 days. In all cases the animals 
had reached a relatively constant body weight after losing from 


Tasie IV 
Non-Protein Nitrogen Constituents of Liver in Control and Treated Rats 


The nitrogen constituents are given in mg. per 100 gm. of liver; the de- 
crease in treated rats, in per cent. See “Remarks” in Table III. 
































_ ~y No. of animals poteroowde be Amgyate 
Folin [Van Slyke, *!4 N , 

I 5 9, controls 59.8 84 9 12.9 3.0 
5 9, treated 56.5 75.9 6.5 3.4 
Decrease in treated 5.5 10.6 49.6 —13.3 

II 4 o, controls 51.6 69.5 42.8 15.5 2.2 
4 o, treated 45.8 64.5 38.7 6.2 2.4 
Decrease in treated 11.2 7.2 9.6 60.0 —-9.1 

III 3 2, controls 52.0 45.6 14.8 
3 9, treated 48.1 35.2 11.2 
Decrease in treated 7.5 22.8 24.3 

IV 4 9, controls 54.1 17.8 5.6 
4 9, treated 50.3 11.3 7.5 
Decrease in treated 7.0 36.5 | —33.9 

TABLE V 


Non-Protein Nitrogen Constituents of Muscle 


The nitrogen constituents are given in mg. per 100 gm. of muscle; the 
decrease in treated rats, in per cent. 








Lae Free Bound A ia | Ni 
Series IV = =— Urea N — nN 
4 9, controls 52.5 14.9 16.4 4.7 333 
4 9, treated 47.1 11.4 10.8 5.7 309 
Decrease in treated 10.3 23.5 34.1 —21.3 7.2 




















26 to 93 gm. in weight, indicating the completeness of anterior 
lobe removal. 

The values for free amino acids in the whole carcass of the hypo- 
physectomized rats are somewhat higher than those of normal rats. 
The peptide amino acids are too variable for strict comparison, 
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but there is an indication of a higher average level. The combined 
urea and ammonia nitrogen values are decidedly greater. In the 


Taste VI 


Non-Protein Nitrogen Constituents of Hypophysectomized Rats, and of 
Hypophysectomized Rats Treated with Growth Hormone 


The values are given in mg. per cent. 











Liver Whole carcass 

No. of hypophy- 3 4 g 4. 
Series |UVpectomied | 2 |G | sie |g |g 
. rats z| o% 3 gz z| 38 
rulaalad| ealaul ee 

Z & |p i : > 

V 3 9 51. 4/39 .2/30.1 
VI 3a 46 .0/45 . 4/35 .3/49. 4/41 .3/44.2 
2¢ 41 .5/44.3/29. 7/47. 2/30 .9|43.3 

2¢ 48 .8/45 .7/27 .6/50. 1/36 .9|38.6 

VII i2¢ 57.9 24.8149. 1/32.0/26.4 
20 53.3 28 .7/48 6/41. 9/39. 4 

VIII | 2c’, treated |49.7/38 4/15. 6/47 .1|36.3/21.9 
2, * 48 .0/35.8/19. 9/48 .0/40 .9133.9 





























Age, 5-8 mos.; killed 66 
days after hypophysec- 
tomy, after loss of 71, 
85, 93 gm. ; non-protein 
N, 250 mg. % 

5 mos.; killed 14-16 days 
after hypophysectomy, 
after losing 30-48 gm.; 
18 hrs. fasted 

7 mos.; killed 22 days af- 
ter hypophysectomy; 
loss, 46 gm. 

5 mos.; killed 18-19 days 
after hypophysecto- 
my; loss, 26 gm. 

7 mos.; killed 21 days af- 
ter hypophysectomy; 
loss, 43 and 57 gm.; re- 
ceived 30 units growth 
hormone in 4 doses 
during 12 hrs.; last 
dose 5 hrs. before kill- 
ing; 12 hrs. fasted 

5 mos.; killed 18-19 days 
after hypophysectomy; 
loss, 17 and 46 gm.; in- 
jection note same as 
for rest of Series VIII 





liver, the free amino acids are lower than in normal animals, except 
In this series the presence of glycogen in the liver 


in Series VII. 
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filtrate interfered with the determination. The peptide amino 
acids of the liver are about normal, but the combined urea and 
ammonia nitrogen is markedly higher. In the treated hypo- 
physectomized rats there was a slight lowering of the urea 
plus ammonia values in the whole carcass and a marked reduction 
in the liver to about the normal range. Other values showed in- 
significant changes, except for peptide amino acids in the liver, 
which were reduced somewhat. 

The loss in body weight of rats, after pituitary removal, is 
accompanied by a marked loss of nitrogen, which must come from 
body protein. The average total nitrogen value of forty-one nor- 
mal control rats, fasted 14 to 18 hours, was 3.08 gm. per 100 gm. of 
empty carcass weight, while the same value in sixteen hypophy- 
sectomized rats, fasted 12 to 15 hours and killed at varying times 
from 14 to 30 days after hypophysectomy, averaged 2.75 gm. per 
100 gm. of empty carcass. The difference is greater when the 
normal controls are restricted to the same food intake as the hypo- 
physectomized animals. In a paired feeding experiment five con- 
trol female rats were restricted in food consumption to that volun- 
tarily eaten by their five hypophysectomized litter mates, from 
the day of operation. Both groups were killed 35 days later. 
The controls contained 3.51 gm. of nitrogen per 100 gm. of empty 
carcass, while the hypophysectomized animals contained 2.73 gm. 
of nitrogen per 100 gm. of empty carcass. The loss in body weight 
was about the same in the two groups. 


DISCUSSION 


These decreases in free and peptide amino acids and urea in the 
tissues and in the carcass as a whole, together with other known 
facts about the action of growth hormone, point toward a specific 
effect on protein anabolism. The findings indicate that similar 
decreases previously reported for the blood cannot be explained 
as due to segregation of these substances from the blood and their 
storage as such in the tissues. There are to be considered, of 
course, the possibilities of increased elimination by the kidneys, 
and a dilution of the carcass by the retention of water. 

An increased excretion in the urine would have to be an imme- 
diate, transient, and quickly reversed effect of the hormone. There 
is ample evidence that this is not the case. From nitrogen balance 
experiments (1-3) it is apparent that over periods of 24 hours to 
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several weeks the production of urea and the elimination of nitro- 
gen are markedly diminished. Gaebler (2) found that there is a 
decrease in the blood non-protein nitrogen during the same period 
when urinary nitrogen is decreased. In an experiment not tabu- 
lated above a series of six control and three treated rats was 
analyzed. The conditions were the same as those in the experi- 
ments described above except that the bladders and their contents 
were included in the hashed tissue extraction. The treated rats 
showed decreases from the controls of 11.1 per cent in free amino 
acids and 25.0 per cent in urea. 

Tissue dilution by retention of water is not great enough to 
account for the decreases. Over long periods of treatment the 
water content of rats increases only as much as 4 or 5 per cent. 
Over a period of 24 hours treated rats under the same conditions 
as those in Series I to III had a water content less than 1 per cent 
greater than did their controls. 

The only tenable explanation of the decreases, therefore, seems 
to be, at least in effect, that of stimulation of protein anabolism. 
The precise mechanism could be primarily that of acting as a 
specific protein synthetic agent, accelerating the action of such 
agents as may be already present, or merely inhibiting protein 
catabolism. The possibility of concomitant stimulation of non- 
protein nitrogen anabolism is not necessarily precluded by de- 
creases in the peptide amino acids and non-protein nitrogen. It 
has been shown to occur in the case of glutathione with longer 
growth hormone treatment (10-12). Voegtlin, Maver, and John- 
son (23) report that glutathione favors in vitro synthesis. 

Granting protein anabolism as the explanation, the question 
arises as to its localization. The fact that decreases were found 
in the whole body tissue without the liver, in liver, and in muscle, 
indicates that it is rather general or at least occurs in both liver 
and muscle. If the constituents involved in the decreases were 
diffusible, then the decreases could be explained by those of a 
single tissue. This is obviously true for urea, but inasmuch as 
most of the tissue amino acid constituents are not freely diffusible,' 


1 The free amino acid concentrations in tissue, 50 to 60 mg. per cent, 
are more than 10 times that in the blood (3 to6 mg. percent). The peptide 
amino acid concentrations in tissue, 15 to 45 mg. per cent, are also consider- 
ably greater than that in the blood (about 6 mg. per cent). 
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most of those involved in the decreases may not be. Further- 
more, the fact that protein accumulates throughout the body with 
longer growth hormone treatment and that there is indirect evi- 
dence that tissues synthesize their own proteins, would seem to 
support the conception of generalized activity. If the phenome- 
non were general, it could at the same time vary considerably in 
the extent to which it took place in different tissues. For example, 
there is evidence that the function may be predominant in the 
liver (24). In this connection it is interesting to note that in 
Series IV the excess gain in nitrogen of the livers of the treated 
rats over that of the controls, expressed in percentages of the 
total control liver nitrogen, is 15.7 per cent, whereas the corre- 
sponding percentage for the excess gain in whole body nitrogen is 
only 8.3 per cent. 

In the hypophysectomized rats the decrease in body protein, 
which was roughly proportional to the length of time after hypo- 
physectomy, is not a secondary result of decreased food consump- 
tion but is a catabolic effect. If the rate of this proteolytic process 
were greater than that of the catabolism of the amino acid con- 
stituents themselves, increased levels would be anticipated. This 
is the actual case with the free amino acids but is not so evident 
with the peptide amino acids. If, however, some of the normal 
peptide constituents, e.g. glutathione, are appreciably reduced by 
hypophysectomy then, of course, even maintenance of the normal 
peptide amino acid level would indicate proteolysis. Associated 
with the higher free amino acid concentration is the expected 
higher urea level. In the liver the somewhat lower free amino 
acid concentration and the markedly increased urea level indicate 
rather intensified deamination and urea formation processes. The 
general picture, therefore, is clearly that of protein catabolism, 
which obviously would be expected following the removal of a 
protein anabolic agent. This increased protein catabolism is not 
inconsistent with Braier’s conclusion of a decreased endogenous 
protein metabolism in hypophysectomized dogs (9). Immediately 
following hypophysectomy the increased rate of the proteolytic 
processes (accelerated endogenous catabolism according to Mitch- 
ell and Hamilton (25)) may be greater than the diminution of the 
minimum endogenous catabolism, so that an increased endogenous 
catabolism may result. With longer time after hypophysectomy 
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the former effect would probably subside at least sufficiently so 
that the latter effect would be more predominant. The slight if 
not negative findings in treated hypophysectomized rats, except in 
the liver peptide amino acids and urea, may indicate a less sensi- 
tive response or may simply be due to the selection of unfavorable 
conditions. At any rate it is known that hypophysectomized rats 
respond well in gain of weight and retention of nitrogen to longer 
growth hormone treatment. 


SUMMARY 


The effect of short periods of treatment with anterior pituitary 
growth hormone on certain non-protein nitrogen constituents was 
determined, in rats, in the carcass as a whole and in liver and 
muscle. The free amino acids decreased 6 to 12 per cent in the 
whole carcass, 5.5 to 11 per cent in liver, and 10 per cent in muscle. 
The peptide amino acids decreased 15 to 19.5 per cent in the whole 
carcass, 9.5 to 23 per cent in liver, and 23.5 per cent in muscle. 
Urea decreased 7 to 29 per cent in the whole carcass, 37 to 60 per 
cent in liver, and 34 per cent in muscle. Ammonia increased 
slightly in all tissues. The non-protein nitrogen invariably 
decreased. 

The same non-protein nitrogen constituents in the whole car- 
cass and liver were determined in hypophysectomized rats. In 
the whole carcass the free amino acids and urea plus ammonia in- 
creased; the peptide amino acids probably increased slightly. In 
the liver the free amino acids decreased; the peptide amino acids 
remained about the same; the urea plus ammonia increased greatly. 

The total nitrogen content of a series of five hypophysectomized 
rats was 22 per cent less than the nitrogen content of their five 
control litter mates restricted to the same food consumption. 

These findings, together with previous work, indicate that the 
growth hormone is a specific stimulant of protein anabolism. 
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STUDIES ON KETOSIS 


V. THE COMPARATIVE GLYCOGENIC AND KETOLYTIC ACTION 
OF GLUCOSE AND SOME CARBOHYDRATE 
INTERMEDIATES* 


By INEZ SHAPIRO 


(From the Department of Biochemistry, University of Southern California 
School of Medicine, Los Angeles) 


(Received for publication, November 10, 1934) 


In earlier studies from this laboratory it was observed by Deuel, 
Gulick, and Butts (1) that galactose exerts a superior ketolytic 
action to glucose in fasting humans and in those receiving ketogenic 
diets. This finding was confirmed by Butts (2), who showed that 
fasting rats previously fed on a high galactose diet developed ke- 
tosis much more slowly on the administration of diacetic acid than 
animals which had previously ingested a comparable glucose diet. 
Apparently this pronounced antiketogenic action of galactose 
could be accounted for on the basis of a longer retention of liver 
glycogen and a higher muscle glycogen, in rats fasted as long as 
72 hours following diets high in galactose or lactose, than in the 
corresponding glucose controls (3). 

Several questions next arose. Do glycogenesis and antiketo- 
genesis go hand in hand? Is it possible that irreversible cleavage 
products of glycogen or glucose, or compounds not formed in the 
animal body to any degree, may exert an antiketogenic action 
without going through the stage of glucose? Finally, do sub- 
stances other than potential glucose formers exert ketolytic action, 
or is such an effect confined exclusively to those compounds from 
which glucose originates in the body? 


* The data reported in this paper are from a thesis presented by the 
author in partial fulfilment of the requirements for the degree of Doctor of 
Philosophy in Biochemistry in the Graduate School of the University of 
Southern California. 
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Although the glycogenic ability and ketolytic action of many 
compounds have been reported, no correlated study of glycogenesis 
and antiketogenesis in vivo has been made. This paper presents 
a quantitative study of the comparative glycogenic and ketolytic 
action of some carbohydrate intermediates, namely that of 1(+)- 
and d(—)-lactic acids,' pyruvic acid, glycerol, ethyl alcohol, ethyl- 
ene glycol, and acetaldehyde. 

Of the intermediates considered, there seems to be little doubt 
that 1(+)-lactic acid, pyruvic acid, and glycerol are glycogen 
formers. According to Cori and Cori (4), d(—)-lactic acid is not 
synthesized to glycogen to any appreciable extent. Although 
increase in liver glycogen following ethyl aleohol (Nebelthau (5), 
Salant (6), Kanai (7)) has been noted, it is associated with a fall 
in blood sugar (Kanai (7)); it is probable that ethyl aleohol does 
not form glycogen or glucose but that it acts only indirectly on 
circulating or stored carbohydrate. Likewise, ethylene glycol 
and acetaldehyde have not been demonstrated to possess glycogenic 
ability. 

The experimental data available concerning the ketolytic action 
of these substances in vivo are fragmentary and, for the greater 
part, do not permit exact deductions. In the fasting, phlorhizin- 
ized dog or in humans on fat and meat diets the ketolytic action 
of glycogen-forming substances as dl-lactic acid (Satta (8), Baer 
and Blum (9)) and pyruvic acid (Ringer (10)) is indicated. Al- 
though first noted in 1895 by Hirschfeld (11), the antiketogenic 
action of glycerol was most convincingly demonstrated in Satta’s 
experiments (8). From the few clinical cases reported it appears 
that in fasting individuals and those on carbohydrate-free diets 
ethyl alcohol does not exert a ketolytic action. The experimental 
deductions of Ringer and Frankel (12), ascribing antiketogenic 
properties to acetaldehyde which were later refuted by the results 
of Sansum and Woodyatt (13), are well known. No data are 
available concerning the ability of ethylene glycol or d(—)-lactic 
acid in preventing or removing the condition of ketosis so far as is 
known to the author. 

1 The dextrorotatory sarcolactic acid is here referred to as 1(+-)-lactic 
acid. Its optical isomer is designated as d(—)-lactic acid, while the op- 
tically inactive acid is given the prefix dl-. 
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EXPERIMENTAL 


The rat was used in our experiments. In the studies on glyco- 
genesis, the glycogen content of the liver and of the right gastroc- 
nemius muscle was determined 6 hours after oral administration 
of isodynamic quantities of the intermediates equivalent to 1 mg. 
of glucose per.sq. em. of body surface. In a smaller additional 
group of experiments a larger dose equivalent to 3 mg. of glucose 
per sq. cm. was employed in the glycogen studies only; in this 
series operations were performed 4 hours after ingestion of the 
substances. The technique employed for the glycogen deter- 
minations was a combination of the Pfliiger and Shaffer-Hart- 
mann procedures described in detail in a former publication (14). 

In the studies on ketosis the method of Butts and Deuel (15) 
proved applicable. The same amount of glucose or its inter- 
mediates as was employed in the main glycogen series (equivalent 
to 1 mg. of glucose per sq.cm. of body surface) was administered 
in two divided doses per day with the oral feeding of a standardized 
sodium acetoacetate solution to fasting rats over periods of 3 or 
4days. Each solution was measured in a separate syringe* before 
the introduction of the stomach tube and the solutions were given 
successively, being finally rinsed down with distilled water. The 
daily dose of sodium acetoacetate solution was equivalent to 1.5 
mg. of acetone persq.cm. This amount has been found to produce 
a comparatively uniform and sufficient level of ketonuria and has 
been employed in the standardized technique used in the studies 
of ketosis reported from this laboratory. The collection and 
analyses of the 24 hour urine specimens for total acetone bodies 
and total nitrogen were the same as previously described (15). 

The acetaldehyde, ethylene glycol, and pyruvic acid were 
chemically pure preparations from the Eastman Kodak Company. 
The purity of the ethyl alcohol and glycerol was ascertained by 
specific gravity. The sodium salts of d(—)- and l(+-)-lactic acids 
were prepared from their zinc ammonium salts, obtained by the 
method of Borsook, Huffman, and Liu (16).* The solutions of the 


? Syringes graduated to 0.1 cc. were used. Since the amount of material 
administered in each case approximated 1 cc., the inaccuracies in the meas- 
urements could not have exceeded 2 or 3 per cent. 

* The author is indebted to Dr. Borsook and Dr. Liu for the gift of some 
of the preparations used and for some valuable suggestions in the course 
of the additional preparations. 
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sodium salts of these active acids used for the metabolic experi- 
ments were standardized by the Friedemann, Cotonio, and Shaffer 
method (17) as modified by Davenport and Cotonio (18). 

The rats used in the experiments were approximately 4 months 
of age. These had been on our stock laboratory diet described 
elsewhere (3). Males were used for the studies on ketosis, while 
the glycogen studies were made on females. 


Results 


For economy in space, only summary tables of the averages 
obtained in each series of tests are reported. However, the ratio 
of mean difference to probable error of mean difference is calcu- 
lated for each group as compared with the fasting controls (14). 
When the difference of this ratio exceeds 3, the difference between 
the averages of the comparative groups is considered statistically 
significant. The data on the glycogen in the liver and muscle of 
fasting rats or of animals killed after the administration of glucose 
or its intermediates are given in Table I. 

In harmony with recent investigations, 1(+)-lactic acid, pyru- 
vie acid, and glycerol, as well as glucose, were found capable of 
forming significant amounts of glycogen both in the liver and 
muscle of the fasting animal. Thus, the liver glycogen amounted 
to 0.63 per cent 6 hours after administration of 1 mg. of glucose 
per sq.cm. of body surface to female rats fasted 48 hours; corre- 
sponding values for 1(+-)-lactic and pyruvic acids were 1.44 and 
1.52 per cent respectively. 4 hours after 3 mg. of glucose per 
sq.cm., liver glycogen amounted to 1.88 per cent, while the same 
value (1.91) was found after a similar quantity of glycerol. Mus- 
cle glycogen was found to be 0.38, 0.38, 0.42, and 0.33 per cent, 
respectively, after the administration of glucose, /(+-)-lactic acid, 
pyruvic acid, and glycerol. These values are significantly higher 
than the fasting control figure of 0.26 per cent. 

The other intermediates tested showed no evidence or only a 
slight indication of being glycogen formers, as an examination of 
Table I will demonstrate. Liver glycogen found 6 hours after 
amounts of d(—)-lactic acid, acetaldehyde, and ethyl alcohol, 
equivalent to 1 mg. of glucose per sq.cm., was 0.36, 0.31, and 0.29 
per cent, respectively, as compared with the fasting control value 
of 0.17 per cent. The corresponding values of muscle glycogen 
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were 0.34, 0.32, and 0.30 per cent. Similarly, isodynamic amounts 
of ethylene glycol did not demonstrate any appreciable glycogenic 
ability at varying intervals of 3, 4, and 6 hours after administra- 
tion. 4 hours after feeding 3 times the amount of ethyl alcohol 
or an equivalent quantity of ethylene glycol, liver and muscle 
glycogen was practically the same as that of the fasting control 
animals. The values obtained were 0.10 and 0.27 per cent for 
liver glycogen and 0.28 and 0.29 per cent for muscle glycogen after 
the larger doses of ethyl alcohol and ethylene glycol, respectively. 

The average urinary acetone body output following the adminis- 
tration of diacetic acid alone, or following glucose, or isodynami- 
cally comparable doses of the intermediates is summarized in 
Table IT. 

The average urinary acetone body output per day for the fast- 
ing controls which received only diacetic acid was 3.03, 2.33, 3.73, 
and 5.48 gm. respectively per sq.m. of body surface during the 4 
day experimental period. This compares with a definitely lower 
levei after glucose, in which the corresponding average values 
were 1.13, 0.67, 0.58, and 1.03 gm. per day. The results after 
l(+)-lactic acid are somewhat lower than those obtained after 
glucose. The values found after pyruvic acid and glycerol are 
similar to those with glucose. However, the experimental error 
in the determination of the acetone bodies was considerably in- 
creased in the tests in which only small amounts of acetone bodies 
were excreted and it is questionable how much weight can be 
placed on small differences in the level so found. The fact that 
the results for each group represent the average of a considerable 
number of experiments increases the significance of our results. 

The non-glycogenic substances did not possess antiketogenic 
properties. During a period of 3 consecutive days the 24 hour 
urinary acetone body output of the animals receiving d(—)-lactic 
acid was 5.25, 4.90, and 5.69 gm. respectively per sq.m. of body 
surface, and after acetaldehyde corresponding values were 6.09, 
6.39, and 7.69 gm. as compared with the fasting, diacetic acid con- 
trol figures of 5.36, 5.75, and 6.20 gm. determined in simultaneous 
experiments.‘ During a period of 4 experimental days on ethyl 

*The higher acetone body output in the control experiments for the 


d(—)-lactic acid and acetaldehyde series (performed several months after 
the other ketosis studies) may be traced to an inclusion of 5 per cent liver 
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alcohol (in the experiments recorded under non-ketolytic inter- 
mediates) respective values of 4.79, 3.60, 5.54, and 6.13 gm. were 
found, while corresponding values with ethylene glycol were 5.96, 
6.26, 6.88, and 7.17 gm. The acetone body output was signifi- 
cantly higher after these alcohols than the control figures when 
only diacetic acid was fed. 

Under certain conditions, however, it was noted that ethyl alco- 
hol and ethylene glycol exhibited a marked ketolytic action com- 
parable with glucose. These results are included in Table II under 
“Ketolytic intermediates.’’ In the thirty-six experiments with 
varying doses of ethyl alcohol and in twenty-nine tests with similar 
amounts of ethylene glycol, a ketolytic action was indicated in 
some cases, while the acetone body excretion was increased in 
others over that of the controls. In addition it was also observed 
that in certain experiments an abnormally high nitrogen excretion 
obtained while a normal level was found in other instances. The 
divergency in results was not confined to a single dose of the ethyl 
alcohol or ethylene glycol but occurred both with the low and high 
doses. The results on the average nitrogen excretion are recorded 
in Table III. 

The separation of the experiments with ethyl alcohol and ethyl- 
ene glycol into two groups was made solely on the basis of the nitro- 
gen excretion. It was noted that the acetone body output in one 
group was low, while a high excretion occurred in the second group. 
In every case where a marked rise in urinary nitrogen occurred 
over that of the control level or over that found after glucose or 
the other intermediates were administered, a ketolytic effect of 
ethyl alcohol or ethylene glycol was observed; in practically no 
case where the urinary nitrogen was excreted within normal levels 
after these alcohols was any antiketogenic action noted. The 
average acetone body output in sixteen experiments with ethyl 
alcohol during 4 successive days on which the urine nitrogen was 
found to be abnormally high was 2.33, 0.97, 1.00, and 0.76 gm. 
respectively per sq.m. of body surface per day, which is signifi- 





in the stock diet. Correspondingly high acetone body outputs have been 
found by Deuel and coworkers in their recent work (unpublished). Accord- 
ing to them a possible explanation may lie in the high fat concentration in 
the liver resulting from liver feeding as demonstrated by Blatherwick 
et al. (19). 
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cantly lower than the control values when only diacetic acid was 
fed and almost identical during the last 3 days with those after 
glucose was given. The corresponding values after ethylene gly- 
col were 3.06, 1.56, 0.83, and 1.20 gm. respectively. 

The increase in urinary nitrogen ex¢retion over that of the con- 
trol animals is unquestionably evident in the ketolytic experiments 
with ethyl alcohol and ethylene glycol (Table III). Respective 
values expressed as gm. per sq.m. for the 4 successive experimental 
days were, in the ethyl alcohol group, 7.40, 7.32, 7.61, and 7.37 


TaBLe IV 


Effect of Daily Oral Administration of 0.53 Mg. of Ethyl Alcohol per Sq. Cm. 
on the Urinary Nitrogen Excretion of Fasting Male Rats 
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and in the ethylene glycol group 8.05, 8.74, 8.54, and 7.69 as com- 
pared with the corresponding values of 5.63, 4.99, 4.88, and 4.49 
gm. for twenty-one control experiments on fasting rats fed diacetic 
acid. A still lower nitrogen elimination was observed when glu- 
cose, l(+-)-lactic acid, pyruvic acid, and glycerol were fed in addi- 
tion to the diacetic acid. Moreover, no increase in the protein 
metabolism occurred in the absence of ketolytic action following 
the administration of acetaldehyde and d(—)-lactic acid. When 
the administration of ethyl alcohol and ethylene glycol was not 
accompanied by ketolytic action, correspondingly low nitrogen 
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output was observed; in the former group, average values of 4.80, 
4.50, 4.20, and 4.09 gm. per sq.m. for the respective experimental 
days were noted, and similar values of 4.70, 4.20, 3.76, and 3.80 
gm. were found in the latter group. 

Table IV gives a record of the urine nitrogen excretion when the 
lower dose of aleohol was administered daily to fasting rats which 
were fed no diacetic acid. 


DISCUSSION 


The general assumption that substances demonstrated to be 
glycogenic exert a ketolytic action seems warranted from the ex- 
periments reported here. Glycerol and glucose gave approxi- 
mately identical results in the ketosis experiments, as one might 
expect from the glycogen tests. The decrease in the acetone body 
output following l(+-)-lactic acid indicates that this isomer might 
be a better ketolytic agent than glucose itself and agrees with the 
high values of glycogen found after its administration. Although 
pyruvic acid was antiketogenic, it failed to show a ketolytic activ- 
ity equal to that of l(+-)-lactic acid in spite of the fact that glyco- 
gen deposition following the same dose as given in the ketosis ex- 
periments was about equal to that found for the dextrorotatory 
hydroxy acid. On the other hand, d(—)-lactic acid, acetaldehyde, 
ethyl alcohol, and ethylene glycol do not bring about an appreci- 
able glycogen formation. Neither do they possess antiketogenic 
properties per se according to these in vivo experiments. One 
probable explanation for the ketolytic action observed in an addi- 
tional large series of animals receiving ethyl alcohol or ethylene 
glycol would seem to lie in their effect on the protein catabolism; 
invariably a simultaneous and definite rise in urinary nitrogen 
occurred. In no case in the 241 other ketosis experiments on 89 rats 
reported in this paper did the urinary nitrogen following fasting or 
the feeding of glucose or the intermediates tested approach the high 
levels found in some of the experiments after the ingestion of ethyl 
alcohol or ethylene glycol. These results on glucose and the other 
intermediates were obtained irrespective of whether or not a ketolytic 
action was observed. Nor were any comparable, high values for 
urinary nitrogen found by Grunewald, Cutler, and Deuel (20) in 198 
tests on forty-seven rats fed diacetic acid. Therefore, it would seem 
that the relation between the marked increase in the protein metab- 
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olism and the simultaneous ketolytic action following ethyl alcohol 
or ethylene glycol is a direct one. Furthermore, when urinary 
nitrogen was excreted within normal levels after these two alco- 
hols, no antiketogenic action was noted. In fact, a pronounced 
ketonuria occurred. Likewise, no decrease in acetone body out- 
put followed the administration of the other non-glycogenic inter- 
mediates (d(—)-lactic acid and acetaldehyde). 

It may be recalled that the antiketogenic action of protein has 
been reported in the normal fasting organism by Lang (21). Pro- 
tein has long been recognized as a source of glycogen, a known 
ketolytic agent. Glycogen formation in the normal animal after 
administration of proteins was noted in the early experiments of 
Wolffberg (22), Kiilz (23), and Pfliiger and Junkersdorf (24) and 
has been repeatedly confirmed by recent werk. Borchardt and 
Lange (25) have found decreased acetone body output after ad- 
ministration of a large series of amino acids superimposed upon 
ketogenic diets, while in the diabetic and phlorhizinized, fasting 
animals an extended series of investigations has been reported. 
According to the calculations of Woodyatt (26) and of Shaffer (27), 
the ketolytic factors are in excess of the ketogenic metabolites of 
protein. If protein is predominantly ketolytic, as seems to be the 
case, then an increased protein metabolism should result in a 
greater amount of ketolytic intermediates. That endogenous pro- 
tein would behave identically with exogenous protein seems prob- 
able. The experiments reported here with ethyl alcohol and 
ethylene glycol are the first as far as known to the author to demon- 
strate this fact. 

That ethyl alcohol may exert a stimulating action on the oxida- 
tive processes in the body offers an explanation for the increased 
protein metabolism in the fasting animal suffering from an appreci- 
able ketosis after the administration of ‘‘ketolytic’’ doses of ethyl 
alcohol. According to experimental evidence, alcohol produces 
little or no increase in basal metabolism in experiments carried 
out over short intervals after ingestion. But evidence supporting 
this stimulating action of alcohol, demonstrated in these experi- 
ments, is found in the extended studies of Zahn (28) and of Kanai 
(7) on heat production after alcohol administration in the post- 
absorptive state. They observed an increase in the basal meta- 
bolic rate beginning 3 hours and continuing as long as 20 hours 
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after ingestion. Furthermore, Kanai found in agreement with 
other investigators a fall in the R.q., indicating that protein and 
fat as well as alcohol were being oxidized in his three subjects. In 
control experiments on fasting rats not fed diacetic acid, on the 
other hand, alcohol in doses equivalent to 1 mg. of glucose did 
not increase protein breakdown (Table IV). Does it not seem 
highly probable that the breakdown of protein is more pronounced, 
that its combustion is fanned in the presence of stimulating doses 
of aleohol when the animal is suffering from a pronounced ketosis? 
By similar reasoning the effects of depressant, intoxicating doses 
could be interpreted. 

The effect of ethyl alcohol on nitrogen metabolism with the 
attendant effect on acetone body excretion is identical with that 
of ethylene glycol. No similarity is observed in this respect be- 
tween acetaldehyde and ethyl alcohol. It seems probable that 
the pathway of metabolism of ethyl alcohol involves its primary 
conversion to ethylene glycol rather than the oxidation of the 
alcohol group to an aldehyde one. 

Although administered in comparatively small doses, it is 
possible that the intermediates fed might have been partially ex- 
creted in the urine. Therefore, control experiments were carried 
out for each substance with the Van Slyke reagent; negative results 
were obtained. Isodynamic equivalents of each intermediate 
were administered, but the actual amount metabolized was not 
determined. However, since the object of the experiments was to 
correlate the extent of glycogen formation of an intermediate with 
its ketolytic ability, such comparisons are valid when the same 
doses of one intermediate are employed in both series of tests. 
Any variations which might arise from differences in rate of ab- 
sorption or extent of retention in the two types of experiments are 
minimized by the large number of experiments with each inter- 
mediate. The statistical treatment of the results insures their 
significance. 

Briefly, these experiments indicate that in the absence of keto- 
lytic metabolites of protein or of other glycogen formers, the 
mechanism of antiketogenesis is lacking. Supported by the fact 
that all the glycogen formers tested are ketolytic, the logical de- 
duction may be put forth that glycogen formation is necessary in 
normal metabolism for the prevention of ketosis. 
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SUMMARY 


1. 1(+-)-Lactic acid, pyruvic acid, glycerol, as well as glucose, 
when fed in amounts demonstrated to be glycogenic, exerted a 
definite ketolytic action in rats fed diacetic acid. 

2. On the other hand, d(—)-lactic acid, acetaldehyde, ethyl 
alcohol, and ethylene glycol did not show any appreciable glyco- 
gen formation. Neither did they decrease the ketonuria produced 
in the experiments on ketosis when the urinary nitrogen was 
within the normal levels of the control animals on diacetic acid 
alone. 

3. In another group of animals receiving varying doses of ethyl 
alcohol or ethylene glycol, a ketolytic action was observed which 
always occurred concomitantly with an increased level of urine 
nitrogen. The augmented catabolism of endogeneous protein 
probably accounts for this effect. 

4. A striking similarity in the metabolism of ethyl aleohol and 
ethylene glycol is demonstrated. 

5. Glycogenic metabolites are necessary for the prevention or 
removal of ketosis in vivo. 
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The organic phosphorus compounds are known to exist in very 
much smaller quantities in the cardiac than in the skeletal muscle 
of the vertebrates (Buell, Strauss, and Andrus, 1932). In the 
present work a similar comparative study of the relative distribu- 
tion of these phosphorus compounds in resting skeletal and cardiac 
muscles of an invertebrate will be presented. Limulus polyphemus 
was employed in these experiments. This animal is of special 
physiological interest because of the demonstrably neurogenic 
character of its heart-beat; in this and other respects its cardiac 
muscle resembles its skeletal muscle more closely than is the case 
in the vertebrates, and the question arises whether a corresponding 
biochemical resemblance exists. 


Method 


Relatively large Limuli were placed in the cold room for about 3 
to 4 hours before an experiment. After an animal was bled, the 
heart was exposed by removing the carapace directly above it, 
care being taken not to injure the skeletal muscles attached to 
the carapace. The skeletal muscle was immediately cut off and 
dropped in ice-cold sea water; the heart was then dissected out 
and cooled in the same manner. The ganglion on the heart was 
removed in cold sea water together with a narrow strip of the heart 
muscle, so that the heart could be spread open and dried by blot- 
ting with filter paper. About 3 gm. of the heart muscle and 0.5 
gm. of the skeletal muscle, which was also dried by blotting, were 
used in each determination. Each sample of the tissue was 
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thoroughly ground up in 8.0 ce. of 10 per cent trichloroacetic 
acid. The extract was filtered and aliquots of the filtrate were 
taken for analysis. 

The fractionation of the various phosphorus compounds was 
carried out as follows: The filtrate was neutralized with NaOH 
until pink to phenolphthalein and then adjusted to 0.05 n HCl by 
addition of the required amount of N HCl. From this an aliquot 
was taken and analyzed immediately, the resulting phosphorus 
content being designated as the inorganic phosphorus. The fil- 
trate was then allowed to remain at room temperature at the 
above acidity for 20 hours and an aliquot was again removed and 
analyzed. The increase in phosphorus over the inorganic value 
is the phosphorus of the argininephosphoric acid (Meyerhof, 1930). 
To a third aliquot was added an equal volume of 2 nN HCl and the 
mixture was heated in a water bath at 100° for 7 minutes. The 
phosphorus value so obtained is called the total labile acid-soluble 
fraction, and the difference between this fraction and the sum of 
the inorganic and the argininephosphoric acid fractions is called 
the pyrophosphate fraction (Lohmann, 1928). A fourth aliquot 
was ashed with 1.5 cc. of 10 nN H,SO, and a few drops of concen- 
trated HNO; (Teorell, 1931). The value obtained is the total 
acid-soluble phosphorus and the difference between this fraction 
and the total labile acid-soluble fraction is the stable acid-soluble 
fraction. The phosphorus analyses were performed according to 
the Lohmann and Jendrassik modification (1926) of the Fiske and 
Subarrow method. In all cases standards were made up with 
constituents similar to those in the unknowns. A Klett colorim- 
eter was used for all the determinations. 

It must be pointed out that this fractionation is purely arbitrary 
and that no fraction actually represents a single specific compound, 
with the possible exception of the argininephosphoriec acid frac- 
tion. Hydrolysis data in the literature reveal that a large number 
of the phosphorus compounds break down either wholly or par- 
tially as a result of the 7 minute acid hydrolysis at 100°. In all 
likelihood the bulk of this fraction is made up of the phosphorus of 
the labile phosphoric acid groups of the nucleotide polyphosphates, 
particularly of the polyphosphate adenine nucleotides. This in- 
cludes the adenylpyrophosphate (adenosinetriphosphate) of Loh- 
mann (1928), which is known to occur in skeletal muscle and which 
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yields two phosphoric acid groups on acid hydrolysis, or possibly 
the diadenosinepentaphosphate which Ostern (1934) has identified 
in vertebrate heart muscle and which yields three phosphoric acid 
groups on acid hydrolysis. In addition, the hexosediphosphates, di- 
hydroxyacetonephosphoric acid, glyceric aldehyde phosphoric acid, 
and possibly other lactic acid intermediaries, all of which may or 
may not occur normally in these tissues, are known to break down 
partially under these conditions of hydrolysis. In that they are 
all intermediaries in lactic acid formation, their total content at 
any one time would be small. Similarly the total stable fraction 
includes all those compounds that are completely stable to the acid 
hydrolysis as well as the remaining portions of the compounds that 
are only partially broken down in the 7 minutes. This includes 
the free nucleotides, the nucleotides hydrolyzed from the nucleo- 
tide polyphosphates (i.e. adenylpyrophosphate yields on acid hy- 
drolysis 2 molecules of phosphoric acid plus adenylic acid), 
hexosemonophosphates, phosphoglyceric acid, glycerophosphoric 
acid, and possibly others. The possibility of the presence of 
unknown compounds must also be considered. 


Results 


As shown in Table I, the total phosphorus and every phosphorus 
fraction are higher in the skeletal than in the cardiac muscle, par- 
ticularly the arginine phosphorus, in which the ratio of phos- 
phorus of skeletal to cardiac muscle is 16. The skeletal to car- 
diac ratios vary from 3 to 16 and are remarkably constant for 
each fraction among different animals. 

Table II gives the relative values of the inorganic, arginine, and 
pyro fractions, expressed as percentages of the labile acid-soluble 
phosphorus. Several interesting points are brought out in this 
way. Thus, the percentage of inorganic phosphorus is about the 
same in both the skeletal and the cardiac muscles and amounts to 
approximately 50 per cent of the labile acid-soluble phosphorus. 
The other 50 per cent consists of the arginine and pyro together. 
Again the large amount of the arginine phosphorus in the skeletal 
muscle is sharply contrasted with the relatively low value in the 
cardiac muscle. The reverse relation holds true for the pyro 
phosphorus in these two tissues, the percentage of pyro phosphorus 
being higher in the cardiac than in the skeletal muscle. Further- 





392 Organic Phosphates in Muscles 


more, while the pyro and arginine fractions are about the same in 
the skeletal muscle, the pyro is much higher than the arginine 
phosphorus in the cardiac muscle, indicating that the compound 
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TaBLe II 


Relative Values of Inorganic, Arginine, and Pyrophosphate Phosphorus 
Expressed As Percentages of Labile Acid-Soluble Phosphorus 
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Skeletal 27 25 52 
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in the pyro fraction in the heart is probably of a more complex 
nature as shown by Ostern (1934) in the vertebrate heart. 

The results, in general, are comparable with those found in the 
vertebrate heart and skeletal muscle and are in accord with the 
physiological differences between the two types of muscles. The 
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rapid and violent nature of the action of the skeletal muscle and 
the heavy energy demand necessitate a large reserve of an immedi- 
ately available source of energy (i.e. the argininephosphoric acid). 
On the other hand, a relatively small reserve of this immediate 
source of energy would be sufficient to meet the requirement of the 
slow, steady, rhythmic acitivity of the cardiac muscle. 


SUMMARY 


A comparative analysis of the organic phosphorus compounds 
in the skeletal and cardiac muscles of Limulus polyphemus shows 
that the total phosphorus and every phosphorus fraction, particu- 
larly the argininephosphoric acid, are higher in the skeletal than 
in the cardiac muscle. The ratios of phosphorus of skeletal to 
cardiac muscle range from 3 to 16. Other interesting relationships 
are also observed. 


The authors wish to express their gratitude to Dr. Laurence 
Irving for much helpful advice and for providing laboratory space 
for this work. 
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When young rats are fed diets containing small amounts of 
beryllium carbonate, the animals become rachitic even when vita- 
min D has been administered. The development of the disease 
is generally attributed to the fact that beryllium has the capacity 
to precipitate phosphorus quantitatively from slightly acid solu- 
tions. Thus, Guyatt, Kay, and Branion (1) and others (2) have 
concluded from their experiments that beryllium rickets occurs 
primarily because of the deficient absorption of phosphate from 
the intestine. Kay and Guyatt (3), furthermore, believe that the 
efficacy of vitamin D in curing rickets is due to its action in increas- 
ing absorption of phosphorus from the intestine. However, cer- 
tain facts have appeared during the investigations of this form of 
rickets, which have as yet remained unexplained and which suggest 
that intestinal precipitation of phosphorus is not the sole factor in 
the production of this disease. It is known, for example, that the 
kidney phosphatase is lower in beryllium rickets than it is in the 
usual form of rickets. The columnar arrangement of the hyper- 
trophic cartilage cells of the metaphysis is different in the two forms 
of the disease. Moreover, as late as 4 weeks after the healing of 
beryllium rickets, Roentgenograms show the persistence of certain 
callus-like bands in the long bones, a change which is quite at 
variance with the normal appearance of the bones after the healing 
of ordinary rickets. 

In view of the unexplained features of beryllium rickets, experi- 
ments were undertaken for studying the mechanism of calcification 
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under in vitro conditions. In this manner it was possible, by using 
the bones of animals rendered rachitic by the administration of 
beryllium, to observe the degree of in vitro calcification in arti- 
ficial serum solutions whose phosphorus content could be varied 
at will. With the factor of intestinal absorption of phosphorus 
thus eliminated, it has been possible in the present investigation 
to demonstrate that there is a local disturbance in calcification in 
beryllium rickets. 


EXPERIMENTAL 


Albino rats raised in our laboratory from an original Wistar 
strain were used. The mothers were kept on a Bills (4) stock diet. 
The young were ordinarily weaned at 21 days at which time they 
were placed on the stock diet. At 3 to 4 weeks of age administra- 
tion of the experimental diet was begun. This was a modified 
Steenbock-Black (5) rickets-producing diet which consisted of a 
basal regimen with addition of Ca or Be as follows: 


Basal Diet—Corn-meal (Quaker Oats), 70 parts; wheat gluten, 20 parts; 
brewers’ yeast (Mead’s), 10 parts; NaCl, 1 part. P = 0.22 gm., 7.1 mM. 
Ca Rachitic Diet—Basal diet, 101 parts + 3 parts of CaCO;. Ca = 1.2 


gm., 30.0 mm. 
Be Rachitic Diet—Basal diet, 101 parts + 3 parts of BeCO;. Be = 0.391 


gm., 43.5 mM. 


This diet, developed in our laboratory (6), has proved to be 
highly satisfactory because the animals, while developing marked 
rickets, were found to grow better than they do on other rickets- 
producing diets. After a period of about 21 days, when the 
Roentgenograms showed evidences of marked rickets, the animals 
were sacrificed and the tibia were removed for observations of 
in vitro calcification. The technique of Shipley, Kramer, and 
Howland (7) was used, artificial serum solutions having Ca X P 
products of 60 and 90, respectively, being employed as media in 
which slices of the growing ends of the bones were bathed at 37°. 
After 20 hours the bones were removed, stained with silver nitrate, 
cleared, and mounted. 

In the first experiment fifteen animals were divided into three 
groups of fiveeach. The first group received the beryllium rachitic 
diet. The animals of this group were of one litter 27 days old and 
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had an average weight of 61 gm. The second group received the 
beryllium rachitie diet with daily addition of viosterol containing 
33 Steenbock units of vitamin D. The third group received the 
calcium rachitic diet. The animals of the last two groups were of 
one litter 29 days old and had an average weight of 70 and 71 gm.., 
respectively.' 

After 17 days the Roentgenograms showed an advanced degree 
of rickets in the beryllium-fed group, while the group receiving the 
viosterol in addition to beryllium showed only slightly widened 
metaphyses. The calcium-fed group showed evidences of rickets 
intermediate in degree of severity between the other two groups. 
After 21 days the animals were killed, the serum was analyzed for 
calcium and inorganic phosphorus, and the tibizw of the beryllium- 
fed and the control group were employed for the study of in vitro 
calcification. 

Analyses of the pooled sera were performed and yielded a cal- 
cium concentration of 7.4 mg. per cent, phosphorus of 4.0 mg. 
per cent, and a Ca X P product of 30 in the beryllium-fed group, 
while the ordinary rachitic group showed a Ca concentration of 
11.0 mg. per cent, phosphorus of 3.2 mg. per cent, and a Ca X P 
product of 35. 

The results of the in vitro calcification experiments were strik- 
ingly different in the groups with beryllium and calcium rickets. 
When the Ca X P product of the medium was 60, the tibize from 
the beryllium-fed animals showed only the faintest traces of calci- 
fication in sections of the tissues stained with silver. On the other 
hand, the tibiz from the control rachitic group showed a dense 
zone of calcification. When the Ca X P product of the medium 
was 90, the bones of the experimental group showed only a thin 
broken line of precipitated silver, whereas the control group showed 
evidence of extensive calcification, almost the entire metaphysis 
being impregnated with the silver stain. 


1The animals were older and heavier than those ordinarily used for 
experimental rickets. This was done in order to start with a sturdier group 
of animals able to withstand the toxic effects of beryllium reported by 
Jacobson (8). This precaution proved unnecessary since the animals grew 
and remained in reasonably good condition. Because of the advanced 
degree of bony development in older animals, however, the severity of 
rickets produced was not as great as it would have been had younger rats 
been employed. 
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In the second experiment animals about 23 days old were used. 
Fifteen animals were divided into three groups, each group repre- 
senting one litter. Group A consisted of five animals with an 
average weight of 43 gm. This group received the beryllium 
rachitic diet. Group B consisted of six animals with an average 


TaBLe I 
Failure of Normal in Vitro Calcification in Beryllium Rickets 
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beryl em poem ed beetle control calcium 
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The degree of calcification is indicated as follows: + trace; ++ broken 
thin line; +++ almost complete thin line across the provisional zone; 
++++ complete thin line across the provisional zone; 2(++++) heavy 
line across the provisional zone including the primary tongues of cartilage; 
3(++++) heavy line across the provisional zone including the primary 
and secondary tongues of cartilage; 4(++++-) practically complete cal- 
cification of the metaphysis. 


weight of 46 gm. This group received daily doses of viosterol 
containing 33 Steenbock units of vitamin D in addition to the 
beryllium rachitic diet. The control group consisted of four ani- 
mals with an average weight of 44 gm., which received the calcium 
rachitic diet. The results of the experiment are presented in 
Table I. 
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From Table I it will-be observed that the amount of in vitro 
deposition is markedly less in each of the beryllium-fed groups than 
in the control group, although the contrast is somewhat less than 
in the first experiment. Ata Ca X P product of 60, sections of 
the bones from the beryllium-fed animals showed variation in the 
amount of calcification from no deposition to a very thin incom- 
plete line. In contrast to these findings the tibie of the control 
group showed a heavy line involving the primary and secondary 
tongues of cartilage. Ata Ca X P product of 90, similar marked 
differences were observed. The beryllium rachitic sections showed 
different degrees of calcification varying from a broken to an in- 
tact thin line, while the controls showed such marked deposition 
that practically the whole region of the metaphysis was newly 
calcified. 

Certain points of interest arose in connection with the observa- 
tions of the effect of administration of viosterol on the develop- 
ment of beryllium rickets. The animals receiving beryllium alone 
showed low serum Ca values and developed manifest tetany, 
whereas the group which was fed viosterol in addition to beryllium 
showed normal calcium values in the serum. In the upper por- 
tions of the diaphyses of the animals treated with viosterol a dense 
calcified zone was noted, the nature of which is still under investi- 
gation. Moreover, the animals receiving viosterol showed greater 
gains in weight and analyses of the bones yielded higher ash 
values than was the case with the animals fed beryllium only. 


DISCUSSION 


The existence of a “local factor’’ determining the site and extent 
of bony calcification was long ago postulated by the early histolo- 
gists. In recent years Hess et al. (9) have stressed the possibility 
of disturbance of the local factor under certain pathological condi- 
tions. Most observers have, however, assumed that the local 
factor exerts a fairly constant influence on calcification and does 
not therefore play a significant rdle in pathological states. In the 
present series of investigations it has been possible to demonstrate 
that the action of the local factor may be experimentally altered. 
Thus, in Paper I of this series (10) it was shown that the tibie of 
rats suffering from strontium rickets failed to calcify in vitro, 
whereas ordinary rachitic bones calcified well under similar condi- 
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tions. In the present investigation the endochondral cartilage of 
rats with beryllium rickets showed very slight calcification in 
vitro under the same conditions that resulted in marked deposition 
of lime salts in the ordinary rachitic bones. The demonstration 
of a disturbance in the local factor in two artificially produced dis- 
eases, therefore, naturally raises the question of the part played 
by possible disturbances of this factor in spontaneously occurring 
disease. 

In view of the fact that the in vitro response of the bones from 
cases of beryllium (as well as strontium) rickets was not modified 
by administration of viosterol, it is interesting to note that the 
serum of animals receiving viosterol showed significant differences 
from those not so treated. Thus the Ca X P product was higher 
in both beryllium and strontium rickets in the viosterol-fed groups, 
the calcium being raised in the first, and the phosphorus in the 
latter, disease. Since the rise in the Ca X P product is, under 
ordinary conditions, associated with the healing of rickets, these 
observations suggest that the primary réle of vitamin D in bony 
calcification is concerned with the maintenance of the normal 
level of these elements in the blood. 


SUMMARY 


1. Comparative observations of in vitro calcification of bones 
obtained from rats with beryllium and calcium rickets were made. 
It was found that there was a marked diminution in the calcifying 
power of bones of animals suffering from beryllium rickets. 

2. The bones of rats receiving viosterol in addition to a beryllium 
rickets-producing diet showed similar diminution in in vitro calci- 
fying ability. 

3. Although administration of viosterol failed to prevent the 
development of rickets in rats receiving beryllium, it nevertheless 
resulted in a rise in the Ca X P product in the serum. 


The authors are indebted to Dr. B. Benjamin for his criticism 
and assistance in the preparation of this manuscript. 
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A large number of separate and unrelated studies of the hydro- 
gen ion concentration of the intestinal contents of various animals 
have been reported in the literature. These studies apparently 
show that the intestinal contents increase in adkalinity from the 
stomach to the ileocecal valve, beyond which they become slightly 
more acid (6, 7, 10, 13). 

Various factors have been assigned rédles in determining the 
reaction and the picture as finally observed has been looked upon 
as a composite one resulting from their interaction. Among the 
factors may be mentioned the relative amounts of gastric 
hydrochloric acid, bile, and pancreatic juice secreted into the 
digestive tract, vitamin B or vitamin D deficiency (3, 7, 13, 15), 
the mineral constituents of the food (2, 5, 9, 12, 14), and the 
bacterial flora (1, 8, 10, 11). McRoberts (6) has suggested the 
secretion of acid or acid-forming salts by the mucosa of the small 
intestine. Kinoshita et al. (4) make the significant statement 
that the reaction is regulated by the blood, the intestinal juice, 
and the mucous membrane. But, on the whole, no consideration 
has been given to the mechanism involved in the changes observed 
nor to the existence of a control mechanism whereby the reaction 
in various parts of the gut may be regulated. 

The present work is an outgrowth of an attempt to ascertain 
the effects of intestinal pH on the absorption of calcium. Meas- 
ured amounts of solutions of CaCl, approximately isotonic with 
blood at pH 3, 5, and 7 were introduced into Thiry-Vella fistulas 
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in dogs after the loops were washed free from calcium with phys- 
iological salt solution. After 20 to 30 minutes the calcium solu- 
tions were removed and the loops again washed free from calcium. 
The amount of unabsorbed calcium in the solution and washings 
was determined. 

The experiments failed of their original purpose because no 
detectable amount of calcium was absorbed. However, it was 
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Fraction 1 contained 200 cc., all others 100 cc. each. Fraction 5 was in 
all cases retained in the loop for 20 minutes. All other fractions flowed 


through slowly but continuously. 
* In this experiment the solution used in Fractions 1 to 4 and 6 to 10 


was 0.9 per cent NaCl, initial pH 6.3. In Fraction 5 a CaCl, solution of 


the original pH indicated was used. 
t In these experiments a CaCl, solution of the original pH indicated 
was used for all fractions, but Fraction 5 was retained for a longer time, 


as stated above. 


observed that irrespective of the pH of the solution introduced 
into the loop, that which was recovered had, uniformly, a pH 
close to 6.5. A series of typical experiments is shown in Table I. 
In other words, these sections of the gut possessed the power of 
adjusting to a constant, characteristic reaction any solution 
placed in them. 





C. S. Robinson 405 


The loops investigated in the first experiments were from the 
upper portion of the gut—about the middle of the jejunum. 
Reference to the studies previously made on the reaction of the 
intestinal contents of rats (10) showed the mean value of this 
region to be likewise about pH 6.5. The question at once was 
raised, is this reaction constant throughout the entire length of 
the intestine, or is there a reaction gradient corresponding to the 
changes in food residue observed in the rat experiments? 

A dog was prepared with the fistula in the lower ileum. Un- 
fortunately it died after only a few experiments had been made 
but those that were performed showed a significantly higher pH 
for the stable value than was found in the jejunum. The results 
are shown in Table I (Dog 132). 

With the method described above, it was not possible to study 
more than one portion of the gut in the same animal unless poly- 
fistular dogs were used. As a matter of fact, several such were 
prepared but failed to survive long enough for adequate study. 
In order to survey the whole intestine of single animals, a modifi- 
cation of the original procedure used in the studies on rats referred 
to was adopted. The animal after being fasted 24 hours was 
anesthetized with nembutal, the abdomen opened, and cannulas 
inserted in the ends of the portion of the intestine to be studied. 
Warm saline was passed through until the gut was clean. The 
lower end of the tract just above the cannula was ligated and the 
whole tube filled with solution. Other ligatures were then applied 
at intervals to separate the intestine into as many sections as 
desired. After a suitable length of time, samples were with- 
drawn with a syringe and their reactions determined colorimetri- 
cally. By this means the effects of the intestine on pure solutions 
could be followed over long sections, or even the whole length, 
of the intestines of single rats or dogs. The results secured by 
this procedure confirmed the more restricted observations on the 
fistular dogs. When an intestine was filled with solution from 
the bile duct to the ileocecal valve and tied off into segments, the 
contents of each segment assumed a pH characteristic of that 
section of the gut. The pH increased from the bile duct to the 
cecum. The results of several experiments are shown in Fig. 1. 

The results here reported are all with unbuffered solutions which, 
of course, respond most easily to the forces producing reaction 
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changes. The fact that the changes observed with these simple 
solutions agree so well with those seen in more complicated solu- 
tions resulting from actual food residues supports the assumption 
that the mechanism is equally effective with normal intestinal 
contents. Experiments with buffered solutions are in progress. 
The chemical changes involved in this control of intestinal 
reaction are unknown. It was soon observed that solutions re- 
moved from the gut and exposed to the air became more alkaline 
at the surface. The inference is that CO, is lost and that a bi- 
carbonate buffer system is at least partly responsible for the 
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Fig. 1. Variation in reaction of normal salt solution throughout the 
small intestines of rats. The horizontal lines indicate the lengths of the 
intestinal segments whose contents were examined. The short vertical 
lines bisect them to show the means. The longer vertical line at the end 
of each indicates the position of the cecum. 


situation. Studies of this aspect of the question are in progress. 
As a matter of routine all the solutions were protected from loss 
of CO, by layers of paraffin oil after the observation mentioned 
above was made. 


DISCUSSION 


Previous work has shown that the hydrogen ion concentration 
of intestinal contents of the animals studied decreases from the 
pylorus to the ileocecal valve (6, 7, 10). The mechanism by 
which this result was attained has never been demonstrated, al- 
though the acid-base balance of the food, gastric, pancreatic, and 
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biliary secretions, and bacterial activity have all been considered 
as possible participants. 

The present experiments, particularly those referred to in Fig. 1, 
confirm these findings that the alkalinity increases from the upper 
to the lower parts of the bowel. But in addition to this by exclud- 
ing other possible factors they, as well as the results in Table I, 
show that the gut wall itself is the seat of the force that controls 
the reaction. They also show that every portion of the intestine 
tends to establish in its contents its own characteristic reaction. 

A comparison of these characteristic values with those secured 
in previous investigations when actual food residues were examined 
reveals a general agreement, indicating that in the normal gut the 
reactions actually approximate the characteristic values found in 
the present work with salt solutions. Factors such as the massive 
growth of lactic acid-forming bacteria (10) or a deficiency of 
vitamin D (3, 7, 15) may alter portions of the picture, but under 
normal conditions its general character remains unchanged. Even 
these alterations, however, assume a lesser importance in the light 
of present experiments since, irrespective of the reaction of the 
mass of the intestinal contents, a zone must exist along the walls 
from the duodenum to the cecum which covers between pH 6.5 
and 8.0 practically the whole biologically important scale. 

It is possible to attach too much importance to the reaction 
of a mixed sample of intestinal contents because only the portion 
of such contents in actual contact with the intestinal wall is of 
immediate physiological importance. That the reaction of semi- 
solid intestinal contents is not uniform over the cross-section of 
the mass has long been known, stools being most alkaline on the 
outside where the material is in contact with the wall of the large 
intestine. Digestion is, to be sure, taking place throughout the 
mass but it is conceivable that the presence of a zone at the surface 
of the mucosa whose reaction is stabilized at definite values may 
have advantages from the standpoint of absorption processes and 
enzyme optima. It has been suggested that the intestinal wall 
takes an active part in the final processes of digestion, e.g. in supply- 
ing erepsin for the last stage of protein breakdown. It may also, 
as a part of this function, maintain at the actual site of absorption 
an optimum reaction for the processes necessary for preparing 
various food constituents for entrance into the body. 
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CONCLUSION 


There exists a definite physiological control mechanism for 
regulating the reaction of intestinal contents by which the reac- 
tion is caused to vary regularly from about pH 6.5 in the duodenum 
to about pH 7.5 or 8.0 at the ileocecal valve. 


The author is indebted to members of the Department of Sur- 
gery, Vanderbilt University School of Medicine, for supplying the 
fistular dogs used in this work and to a grant from the Division of 
Medical Science of the Rockefeller Foundation for financial 
assistance. 
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AND ETHYLPHENYLACETIC ACIDS 
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New York) 
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The experiments reported in this communication were under- 
taken with the object of verifying the previously reported 
conclusions! regarding the configurational relationships of 2- 
phenylpropionic to 3-phenylbutyric acid and of 2-phenylbutyric 
to 2-phenylvaleric acid and the relationship of the two former 
acids respectively to the two latter. 

The basis for the correlation of these substances was the prepa- 
ration of hydrocarbons derived from the above acids by a set of 
reactions outlined below. In each case at least one intermediate 
was the bromide prepared from the corresponding carbinol. The 
possibility of a rearrangement in the course of the bromination was 
not excluded experimentally. Should a rearrangement have oc- 
curred in a significant degree, then all our earlier conclusions might 
need revision. 

The specific reaction involved was the transformation of sub- 
stances of the type 


R 


! 
ieee 
C.Hs 


where R = CH; or C,H; and n = 1 or 2, into the corresponding 
carboxylic acid or into the hydrocarbon. 


1 Levene, P. A., and Marker, R. E., J. Biol. Chem., 97, 563 (1932). 
Levene, P. A., Marker, R. E., and Rothen, A., J. Biol. Chem., 100, 589 
(1933). 
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In the case of 2-phenylpropanol-1, Substances II to V might 
have been expected to form on bromination. Substances II and 


ie a I 
“oo gery arene yan Shes 
C.Hs C.H; C.Hs 
Il I Ill 
CH; es 
a ae A \ sl aaa me 
C.Hs Br 
IV Vv 


ITI could not have been the main product, inasmuch as the latter did 
not react with aqueous silver nitrate solution in the cold even after 
shaking for 24 hours, whereas the tertiary and secondary phenyl- 
bromides with halogen adjacent to the phenyl group do react 
with this reagent. 

On substitution of the bromine atom by CH;, Substance V should 
yield an inactive hydrocarbon, whereas Substance IV should give, 
under the same conditions, an active hydrocarbon. In our case 
an active hydrocarbon was obtained, thus showing that the bro- 
mide mainly consisted of Substance IV. 

In the case of the higher homologue, the four possible isomers 
are given by the formule for Substances VI to IX. The tertiary 
bromide (VIII), if formed, should have been removed in course 
of preparation, as all crude bromides were exhaustively shaken 
with a solution of potassium carbonate. The presence of Sub- 


C.H; Br 
— Tapia Coo 
C.Hs C.Hs 
VI VII 
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P 
Br—C—CH; og 
C.Hs Br 
VIII Ix 


stance VII could be recognized by the silver nitrate test; the 
presence of Substance IX, by the fact that substitution of the 
Br by a methyl group should have led to an active hydrocarbon, 
whereas Substance VI should yield by the same reaction an op- 
tically inactive hydrocarbon. The bromide prepared from the 
optically active 2-phenylbutanol-1 showed a negative reaction 
with silver nitrate and on substitution of the bromine by a methyl 
group formed an optically inactive hydrocarbon. Hence it had 
the structure of 1-bromo-2-phenylbutane (VI). 

Thus, the conclusions previously reached by us as to the con- 
figurational relationship of the disubstituted acetic and propionic 
acids containing a phenyl group (and that of their derivatives) are 
confirmed by the results of the present investigation. 

It may be added that, in the present experiments, the disubsti- 
tuted propionic acids were prepared from the optically active di- 
substituted ethanols obtained through the reduction of the corre- 
sponding optically active esters of the disubstituted acetic acids. 
Thus the conclusion regarding the configurational relationship of 
the disubstituted acetic and propionic acids is likewise confirmed. 


EXPERIMENTAL 


The details of preparation will be given only in those cases in 
which the method differed from those previously employed. 

Methylphenylacetic Acid Derivatives—The following set of re- 
actions was carried out in this series. 


H 


Derivatives of Hy\Ce—C—CH,; 








Active —— CH,0H CH:COOH 
Active & 
COOH — CH:Br 
Inactive — CH,OH Active “a 
Resolved ~O CH,CH,OH—> CH,CH,Br—>CH;CH; 


Active 
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2-Phenylpropanol-1—Three samples of the carbinol were pre- 
pared: Sample 1, from the active acid. The rotation of the car- 
binol was [a]® = +2.10° (homogeneous); Sample 2, from the 
inactive acid. The carbinol was resolved and its rotation was 
[a]? = +6.59° (homogeneous) ; Sample 3, from the inactive acid. 
The carbinol was resolved and its rotation was [a] = —1.80° 
(homogeneous). 

1-Bromo-2-Phenylpropane—The above carbinols were bromi- 
nated in the usual way, the following three bromides being obtained: 
Sample 4, from the carbinol (Sample 1), had the rotation [M]® = 
+4.71° (homogeneous); Sample 5, from the carbinol (Sample 2), 
had the rotation [M]® = +14.09° (homogeneous); Sample 6, from 
the carbinol (Sample 3), had the rotation [M]® = —3.98° (homo- 
geneous). 

The bromides had the following analysis. 


C,H, Br. Calculated. ° 

199.0 Found. Sample 4. : ” 
7 “oe ; . 
“ 6. . “ 


Dezxtro-3-Phenylbutyric Acid-1—This was prepared by the pro- 
cedure previously described,! from bromide Sample 4 ({M]? = 
+4.71°), and had a specific rotation of [a]3° = +8.70° (homo- 
geneous). 


CioH20,. Calculated. C 73.1, H 7.4 
164.1 Found. Rms, ~ 34 


Levo-3-Phenylbutanol-1—90 gm. of 1-bromo-2-phenylpropane, 
[M]® = —3.98° (homogeneous), were added to 13 gm. (1.25 moles) 
of magnesium turnings in dry ether. ‘To complete the reaction the 
mixture was heated for 30 minutes. Formaldehyde vapor (from 
26 gm. of paraformaldehyde) was introduced in a stream of nitro- 
gen into the Grignard solution, the reaction mixture being cooled 
in ice water during the operation. The reaction product was 
poured into water and extracted with ether. The ethereal solu- 
tion was washed successively with water and 5 per cent aqueous 
potassium carbonate solution and dried over anhydrous potassium 
carbonate. The ether was removed by evaporation at atmos- 
pheric pressure and the residue was distilled under diminished 





oto a 
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pressure. At 86-95° and 1 mm. pressure, the first fraction was 
obtained. Yield, 17.0 gm. 
The substance had the following rotation. 


—2.85° 


1x 0.986 = —2.89° (homogeneous) 


la]p = 
The residue, 35 gm., was hydrolyzed with 100 cc. of 90 per cent 
alcohol containing 2 cc. of concentrated hydrochloric acid by 
heating over a free flame under a reflux for 5 hours. Part of the 
alcohol was then removed by evaporation on a water bath and the 
residue was extracted with ether. The ethereal solution was 
washed with 5 per cent aqueous potassium carbonate solution and 
dried with anhydrous potassium carbonate. The ether was re- 
moved by evaporation at atmospheric pressure and the residue was 
distilled under diminished pressure. The fraction distilling at 
85-90° and 0.5 mm. pressure was collected. The yield was 30 
gm., making a total yield of 70 per cent from the two fractions. 

The substance had the following composition. 


3.245 mg. substance: 9.500 mg. CO, and 2.720 mg. H,O 
C,oH,,0. Calculated. Cc 79.95, H 9.4 
150.1 Found. “79.84, “ 9.4 


The rotation of the substance was as follows: 


» —3.0° we - - 
la]p ix 0.986 3.0° ; [M]5 4.6° (homogeneous) 


Levo-1-Bromo-3-Phenylbutane—7 gm. of the above butanol 
were brominated with 10 cc. of phosphorus tribromide. The 
product was poured into water and extracted with pentane (b.p. 
30-40°). The extract was washed successively with a 5 per cent 
solution of potassium carbonate, concentrated sulfuric acid, dilute 
potassium carbonate solution, and finally with water. The pen- 
tane solution was then dried over pulverized anhydrous calcium 
bromide. The pentane was removed by evaporation at atmos- 
pheric pressure and the residue distilled under diminished pressure. 
A fraction boiling at 77-80° and 1 mm. pressure was collected. 
Yield, 5.0 gm. 

The substance had the following composition. 


4.510 mg. substance: 9.350 mg. CO, and 2.500 mg. H,O 
CioHi:Br. Calculated. C 56.34, H 6.2 
213.0 Found. “ 56.54, “ 6.2 
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The rotation of the substance was as follows: 


- —9.10° * - 4 
lalp Ix 1314 6.93°; [MI> 14.75° (homogeneous) 


Levo-2-Phenylbutane—14 gm. of levo-l-bromo-3-phenylbu- 
tane, a3? = ~—7.85° (homogeneous), were converted into the 
corresponding Grignard reagent and this was poured into water. 
The hydrocarbon was isolated in the usual way and finally re- 
duced with hydrogen in the presence of colloidal palladium. The 
substance was distilled under diminished pressure. The fraction 
distilling at 75-76° and 24 mm. pressure was collected. n® = 


1.4870. It had the following composition. 
4.030 mg. substance: 13.235 mg. CO, and 3.890 mg. H.O 


CyHu. Calculated. C 89.49, H 10.5 
134.1 Found. “ 89.60, “ 10.8 


The rotation of the substance was as follows: 


—2.0° 
lalp = 1x08” —2.3°; [MJ> = —3.1° (homogeneous) 


A second sample was prepared as follows: 60 gm. of 1-bromo-2- 
phenylpropane, [M]?> = +14.1°, were condensed with methyl- 
magnesium iodide. The hydrocarbon was isolated in the usual 
way. It had n® = 1.4870 and boiled at 68° at 20 mm. 

The substance had the following composition. 


3.280 mg. substance: 10.825 mg. CO, and 3.055 mg. H,O 
CioHy. Calculated. C 89.49, H 10.5 
134.1 Found. “ 90.01, “ 10.4 


The rotation of the substance was 


+3.72° “s 2 ° 
ear +4.3°; [M]> = +5.75° (homogeneous) 


lalp = 


Derivatives of Ethylphenylacetic Acid—The following derivatives 
of this acid were prepared. 
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| 
Derivatives of CHHs—C—C.H, 








CH; 











> Active —> CH,OH ¥ 
ne Active oo, 

r. CH.Br —-—» CH,COOH 

p- Active x 

- Inactive — CH,OH . 

a" \ Ressived “\ CH,CH,OH > CH.CH.Br— CH.CH; 










Active Active Inactive 











Dextro-2-Ethyl-2-Phenylethanol-1—Four samples of this car- 
binol were prepared: Sample 1, by resolution of the inactive car- 
binol, [a] = +1.80°, [M]® = +2.74° (homogeneous); Sample 2, 
by resolution of the inactive carbinol, [a]? = +1.51°, [M]® = 
+2.26° (homogeneous); Sample 3, by reduction of active 2-ethyl- 
2-phenylacetic acid, [a]3? = +2.54°, [MJ]? = +3.81° (homoge- 
neous); Sample 4, by reduction of active 2-ethyl-2-phenylacetic 
acid, [a]3? = +1.11°, [MJ]? = +1.65° (homogeneous). 


















CieH,,O. Calculated. C 79.95, H 9.4 
150.1 Found. Sample l. “ 79.99, “9.4 
“ 3. “ 90.04, “9.4 










Levo-2-Ethyl-2-P henylethylbromide-1—Four samples of this bro- 
mide were prepared and used for subsequent experiments: Sample 
5, by the procedure previously described, from carbinol Sample 1, 
[a]? = —0.78°, [M]3° = —1.68° (homogeneous); Sample 6, by 
the procedure previously described, from carbinol Sample 2, [a]? = 
—0.54°, [M]® = —1.15° (homogeneous); Sample 7, by the pro- 
cedure previously described, from carbinol Sample 3, [a]3? = 
—1.1°, [M]° = —2.3° (homogeneous); Sample 8, by the procedure 
previously described, from carbinol Sample 4, [a]”> = —0.47°, 
(M]%° = —0.92° (homogeneous). 

















CioH,;Br. Calculated. C 56.34, H 6.2 
213.0 Found. Sample 1. “ 56.48, “ 6.4 
“« 2. “ 56.31, “6.5 
“« 4. “ §6.30, “6.2 
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Dezxtro-2-Phenylbutane—15 gm. of 2-ethyl-2-phenylethylbro- 
mide, Sample 8 ({M]? = —0.92°), were treated with 2.2 gm. of 
magnesium turnings. After all the bromide had been added, the 
reaction was completed by refluxing for 30 minutes. The hydro- 
carbon was isolated in the usual way, shaken with sulfuric acid, and 
finally, to remove traces of unsaturated hydrocarbon, was hydro- 
genated catalytically. The final product distilled at 71-74° and 
20 mm. pressure. It had n® = 1.4878 and the following com- 
position. 

4.650 mg. substance: 15.290 mg. CO, and 4.365 mg. H,O 


CioHiy,. Calculated. C 89.49, H 10.5 
134.1 Found. ** 89.68, “ 10.5 


The rotation of the substance was 


+1.35° 


= +1.56°; M]p = +2.10° 
"aT +1.56° ; [M], = +2.10° (homogeneous) 


la]p = 
Levo-3-Phenylpentanoic Acid-1—15 gm. of 2-phenylbutylbromide- 

1, Sample 7 ({M]2° = —2.30°), were added to 1.4 gm. of magnesium 
turnings in 75 ec. of anhydrous ether and the reaction completed 


by refluxing for 30 minutes. The product was cooled in ice-salt 
mixture and carbon dioxide passed through. The acid was purified 
through the potassium salt. The fraction distilling at 120—128° 
and 0.4 to 0.5 mm. pressure was collected. The substance crys- 
tallized after distillation and had the following composition. 


3.889 mg. substance: 10.580 mg. CO, and 2.810 mg. H,O 
Cy HyOs>. Calculated. Cc 74. 12, H 7.9 
178.1 Found. 7a. oe 


The rotation of the substance was 


—1.30° X 100 


ixns —7.43° ; [M]® = —13.20° (in benzene) 


lal = 

Levo-3-Phenylpentanol-1—36 gm. of 2-phenylbutylbromide-1, 
Sample 7 ({M]3’ = —2.30°), were added to 6 gm. of magnesium 
turnings in 200 cc. of anhydrous ether. Formaldehyde vapor 
(from 14 gm. of paraformaldehyde) was passed, in a stream of dry 
nitrogen, into the reagent. The reaction product was isolated in 
the usual way. Only a small portion of low boiling material was 
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formed, the greater part being the acetal. This was dissolved in 
100 ec. of 90 per cent alcohol containing 2 cc. of concentrated hy- 
drochloric acid and hydrolyzed over a free flame under a reflux 
during 5 hours. Part of the alcohol was removed by evaporation, 
the residue was diluted with water, and the carbinol was ex- 
tracted with ether. The ethereal solution was washed with a 5 
per cent solution of potassium carbonate and dried over anhy- 
drous potassium carbonate. The ether was removed by evapora- 
tion and the residue distilled under diminished pressure. The 
fraction distilling at 86-94° and 1 mm. pressure was collected. 
It had the following composition. 


4.600 mg. substance: 13.572 mg. CO, and 4.060 mg. H,O 
Cy,H,O. Calculated. C 80.44, H 9.8 
164.1 Found. * 80.46, 9.9 


The rotation of the substance was 


— 1.25° 


1 X 0.967 —1.29°; [M]> = —2.12° (homogeneous) 


[alp = 


Levo-1-Bromo-3-Phenylpentane—30 gm. of the above carbinol, 


(M]3° = —2.12° (homogeneous), were treated in the usual way 
with 45 gm. of phosphorus tribromide. The yield was 25 gm. of 
the bromide, distilling at 78-82° and 1 mm. pressure. - It had the 
following composition. 


4.930 mg. substance: 10.540 mg. CO, and 2.920 mg. H,O 
Cy HywBr. Calculated. C 58.15, H 6.7 
227.0 Found. ** 68.31, “* 6.6 


The rotation of the substance was 


—8.8° 


Tx 1.204 = —7.2; [Mlp = —16.3° (homogeneous) 


[al = 
Diethylphenylmethane—25 gm. of the above levo-l-bromo-3- 
phenylpentane, [M]3° = —16.34° (homogeneous), were dropped 
into 1.25 moles of magnesium turnings in anhydrous ether, the 
reaction being completed by refluxing during 30 minutes. The 
hydrocarbon was isolated in the usual way, washed with sulfuric 
acid, and the final product hydrogenated in the presence of colloidal 
palladium. 8 cc. of hydrogen were absorbed. The product distilled 
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at 38-41° and 0.7 mm. pressure. n” = 1.4868. The substance 
had the following composition. 


3.060 mg. substance: 9.978 mg. CO, and 2.980 mg. H,O 
Cus. Calculated. C 89.13, H 10.9 
148.1 Found. ** 88.93, “* 10.9 
a = 0° (homogeneous) 


Second Preparation—60 gm. of levo-1-bromo-2-phenylbutane, 
Sample 2 ((M]? = —1.15°), were added to 1 equivalent of methyl- 
magnesium iodide. The condensation and the isolation of the 
hydrocarbon were carried out as usual. B.p. 180° at atmospheric 
pressure. The substance had n?® = 1.4868 and the following 


composition. 
4.618 mg. substance: 15.075 mg. CO, and 4.460 mg. H,0. 


Ci:His. Calculated. C 89.13, H 10.9 
148.1 Found. ** 89.03, “ 10.8 


We wish to thank Dr. R. 8. Tipson for his kind assistance in 
the preparation of the manuscript. 





NOTE ON THE PREPARATION OF CRYSTALLINE 
d-MANNOSE AND OF CRYSTALLINE d-RIBOSE 


By P. A. LEVENE 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, November 20, 1934) 


A new procedure for the preparation of mannose has recently 
been announced by Hudson and Jackson,' thus showing that the 
former methods were in need of improvement. It was therefore 
thought of interest to report on the details of the procedure used 
in our laboratory for many years which involves a very few simple 
operations and which gives yields fully as good as those obtained 
by other methods. 

The success of our procedure depends upon securing a perfectly 
colorless hydrolysate and on maintaining it colorless throughout 
subsequent operations. The second feature is the complete hy- 
drolysis of the mannan. It was found that the difficulty in crys- 
tallizing mannose from the concentrate was due both to the 
presence of products of intermediate hydrolysis, and of colored 
by-products formed during the hydrolysis. 

The details of the pro¢edure are as follows: 

600 gm. of vegetable ivory meal are digested with 600 ec. of 75 
per cent sulfuric acid until the suspension is nearly a homogeneous 
paste, as in the procedure of Clark.? This paste is then diluted 
to 6000 cc. with water, 400 gm. of norit charcoal are added, and 
the mixture is refluxed for 6 hours over an open flame. The reac- 
tion product is then neutralized with barium carbonate so as to 
remove all the sulfuric acid and to the filtrate, which is colorless, 
a few cc. of acetic acid are added and the solution is then concen- 
trated under reduced pressure to a volume of 350 cc. It is essen- 
tial to avoid warming the solution during this process; with the 
water bath below 50° and a pressure of 10 to 20 mm. this is 


1 Hudson, C. 8., and Jackson, E. L., J. Am. Chem. Soc., 66, 958 (1934). 
? Clark, E. P., J. Biol. Chem., 61, 1 (1922). 
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easily accomplished. An equal volume of glacial acetic acid (a 
reagent introduced for this purpose by Hudson and Sawyer’) is 
added to the concentrate. Crystallization sets in the same day. 
On rare occasions crystallization began on the 2nd day. The 
mannose obtained in this manner is predominantly the 8 form, 
having the following rotation. 


—1.00° X 100 
1X 10 


lalp = = —10° 

After the a form had been prepared in our laboratory, the pure 
8 form could no longer be prepared by recrystallization from alco- 
hol. In order to obtain a pure 8 form the crude substance was 
extracted at 0° by cold 80 per cent alcohol. 


Preparation of d-Ribose 


The publication of this note is prompted by frequent requests 
for samples of ribose and by inquiries as to the method of its prepa- 
ration. The original method of preparation of the sugar from yeast 
nucleic acid has been modified in recent years as follows: 

The starting material is pure ash-free guanosine. 10 gm. of 
guanosine are dissolved in 400 cc. of 0.05 N sulfuric acid and re- 
fluxed over a free flame for 2 hours. The solution is allowed 
to stand overnight at about 0° to allow the separation of guanosine 
sulfate. The filtrate is neutralized with pure barium hydroxide 
solution. It is essential to have the barium hydroxide free from 
other bases.‘ The filtrate from barium sulfate is concentrated 
under diminished pressure. The temperature of the water bath 
should not exceed 40° and the pressure should not exceed 20 mm. 
The final residue, which should be colorless, is dissolved in alcohol 
and benzene and the solution again concentrated. The operation 
may be repeated. The residue is then dissolved in alcohol and 
dry ether is added as long as a precipitate of the base is formed. 
The final filtrate is again concentrated under diminished pressure 
(not more than 10 to 20 mm.), the temperature of the bath not 
exceeding 50°. The d-ribose crystallizes in the flask. 


* Hudson, C. 8., and Sawyer, H. L., J. Am. Chem. Soc., 39, 470 (1917). 

‘Such a product is no longer obtainable on the market and hence the 
purification of barium hydroxide has to be carried out in the laboratory. 
The impurities are calcium hydroxide and the alkaline bases. The first 
is removed by oxalic acid and the latter by recrystallization. 





FACTORS INFLUENCING THE ACTIVITY OF FUNGUS 
LIPASE* 


By DAVID KIRSH 


(From the Department of Soil Microbiology, New Jersey Agricultural Experi- 
ment Station, New Brunswick) 


(Received for publication, October 15, 1934) 


A review of the literature concerning the factors influencing the 
activity of fungus lipase reveals that only three workers, Deleano 
(3), Rouge (8), and Shenker (9), have carried out any extensive 
studies on this subject. None of these investigators, however, 
controlled the pH of his reaction mixtures, although Shenker’s 
work was done as recently as 1921. 

While the matter of lipase specificity is still a moot question 
and forms an immense literature in itself, it is of interest to note 
that many workers, as for example, Oppenheimer (7) and Cherry 
and Crandall (1), distinguish between lipases which act on trigly- 
cerides of the higher fatty acids and esterases which hydrolyze the 
simple esters and lower triglycerides. The low titratable acidity 
obtained in the hydrolysis of the higher triglycerides found in fats 
and oils as well as the difficulty in handling them has often influ- 
enced investigators to select the simpler compounds as substrates. 
However, it has been shown (5) that lipolytic activity is directly 
proportional to the degree of emulsification of an oil. By use of a 
proper emulsion it is therefore possible to simulate closely the reac- 
tion conditions obtained with a soluble substrate, and thus study 
true lipase action in contradistinction to esterase action. 


EXPERIMENTAL 


The purpose of this investigation was to study microbial lipase. 
The fungi, by virtue of their extensive growth and the comparative 


* Journal Series paper of the New Jersey Agricultural Experiment Sta- 
tion, Department of Soil Microbiology. This investigation was supported 
by a grant from the Réhm and Haas Company, Bristol, Pennsylvania. 
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ease with which the enzymes they elaborate can be obtained and 
handled, are admirably suited for such studies in preference to the 
bacteria. 

The organisms employed in these studies, Penicillium oxalicum 
and Aspergillus flavus, were isolated from different sources, and the 
factors influencing their production of lipase observed as described 
elsewhere (6). In studies on the factors influencing the action of 
this enzyme 5 cc. of a 50 per cent olive oil emulsion containing 2.5 
per cent gum arabic and 25 ec. of a water extract of the fungi 
grown on a bran-wood-flour-olive oil or bran-soy bean medium 
were employed. 

The only reports concerning the optimum pH for the action of 
fungus lipase deal with the lipase present in the taka-diastase pre- 
pared from Aspergillus oryze. Wohlgemuth (12) found it to be 
between 8.46 and 9.31, while Willstatter and Kumagawa (11) re- 
port it as 8.6. 

The two fungi were grown on the olive oil medium, and the 
titration curves of their extracts obtained potentiometrically. 
From these curves was determined the amount of acid or alkali 
required to adjust 25 cc. of the extract from pH 3.0 to 8.0 at inter- 
vals of 1.0. To each flask were added 25 cc. of extract, the re- 
quired amount of acid or alkali, 5 cc. of a buffer of the desired pH 
(prepared according to Clark and Lubs (2)), 5 ce. of oil emulsion, 
and sufficient water to bring to the same volume. Following the 
addition of 1 cc. of toluene, the flasks were stoppered, shaken for 
2 minutes, and incubated for 24 hours at 40°. At the end of this 
period, each flask received 75 cc. of 95 per cent alcohol, 25 ce. of 
ethyl ether, and was titrated against phenolphthalein with 0.1 N 
NaOH. There were always two series of flasks: an unboiled 
series designated in the tables under the heading “Enzyme,” and 
a boiled control series in which the extract was boiled for 5 minutes 
to destroy the enzyme. Lipolytic activity is measured by the 
difference between these two titration values and is arbitrarily ex- 
pressed for comparative purposes as the number of cc. of 0.1 N 
acid split from the olive oil by the enzyme. 

The results in Table I show that the lipase of both fungi is most 
active at pH 5.0, the same observation being made with a dry 
lipase preparation obtained by precipitating the enzyme from the 
fungus extracts by means of alcohol (6). The lipase present in 
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a pancreatic trypsin preparation, however, is most active at about 
pH 8.0. 

In subsequent studies a phosphate buffer, pH 5.0, of the follow- 
ing composition was employed: 100 cc. of KH:PO, (29.388 gm. 
per liter), 3.5 cc. of Na,HPO,-12H,0O (74.123 gm. per liter). 
These concentrations of the salts were employed in order that 5 
ec. of the buffer wouid require 10 cc. of 0.1 N alkali to bring it to 
the end-point of phenolphthalein. 

The pH of the sterilized uninoculated bran-wood-flour-olive oil 
medium is about 6.0, and that of the extract obtained after growth 
is slightly above the optimum of 5.0. The addition of 2.0 cc. of 
0.1 nN acid per 100 cc. of extract (added before making the extract 


TaBiLe I 
Influence of pH on Lipolytic Activity of Fungus Extracts 


Penicilli li Aspergillus flavus 











Control Enzyme Control Activity 





ce. . . ce. ec. 


3.0 ‘ 28.2 : ; 25.8 
4.0 . 23.0 . . 20.6 
5.0 . 21.6 ‘ : 17.4 
6.0 : 19.3 ‘ : 15.6 
7.0 : 14.3 . : 12.8 
8.0 . 12.8 . 11.7 10.3 























up to volume) brings it close to 5.0, and the final addition of buffer 
brings it to this level exactly. In the case of the soy bean medium 
employed in the later experiments, the addition of 4 cc. of 0.1 N 
acid was required to bring the pH close to 5.0. 

A series of flasks was set up and the contents titrated after 
definite periods of incubation at 40°. The values are shown in 
Fig. 1. The curve obtained with the Penicillium oralicum extract 
begins to flatten out after about 20 hours incubation, while the 
Aspergillus flavus curve is still increasing rapidly, even after 48 
hours. The fact that the latter extract, which brought about 
slightly more than 50 per cent hydrolysis of the oil (5 cc. of the 
oil emulsion theoretically yield 78 cc. of 0.1 N acid on complete hy- 
drolysis when the saponification value of the oil is 190), was so 
much more active than the former may account for this peculiarity. 
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As a result of this, it was decided that in all future experiments 
the enzyme flasks would be removed after 20 hours incubation, 
since a longer period might introduce complications resulting from 
the reversibility of the reaction, the possible effect of the end- 
products of the hydrolysis on the action of the enzyme, and other 
factors which influence any chemica! equilibrium. 

In a separate experiment it was observed that the presence of 
glycerol in the reaction flasks up to concentrations obtained on 50 


1 


$ 8 
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%~ 
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Fig. 1. Lipase activity of Aspergillus flavus (Curve 1) and Penicillium 
oxalicum (Curve 2) extracts as a function of time of action on olive oil. 


per cent hydrolysis of the oil (120 mg. of glycerol) had no effect 
on the amount of cleavage brought about by the enzyme. No 
satisfactory results were obtained in studying the influence of oleic 
acid on the course of the hydrolysis. 

Throughout the previous experiments the enzyme and substrate 
were incubated at 40°, since this temperature is commonly, though 
not always, employed with lipase and other enzymes. In order to 
study the effect of temperature on the action of fungus lipase, 200 
mg. of a dry precipitated Penicillium oxalicum preparation were 
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dissolved in 25 cc. of water and 5 cc. of buffer, oil emulsion being 
added after the flasks were incubated for 1 hour at the various 
temperatures employed. The boiled controls at all the tempera- 
tures varied from 14.2 to 14.6 cc. of 0.1 N acid, with an average of 
14.3 cc. This average value was used in calculating the activity. 
The following results were obtained. 


Temperature, °C..3 27 29 37 4 4 50 55 6 65 7 
Activity 4.4 10.9 11.8 13.112.6 6.9 3.9 41 0.7 0.9 0.8 


They indicate that the enzyme exerts its maximum effect be- 
tween 37-40°, and is less effective at the higher temperatures, 
being practically inactivated at 60°. The appreciable activity 
observed at 3° and the slight activity still noticed at temperatures 
above 55° are probably insignificant. 1 hour was allowed for the 
enzyme solutions to attain the temperatures of the incubators in 
which they were kept. It is quite possible that the temperatures 
were not reached during this time, so that when the oil emulsion 
was added the enzyme was able to bring about some hydrolysis 
before the final equilibrium temperatures were attained. 

An outstanding characteristic of all lipases in general, and one 
which presents an interesting problem both of theoretical and 
practical importance in itself, is their extreme instability in aque- 
ous solution. While this property of fungus lipase has never been 
investigated, it is a commonly accepted fact as regards animal 
lipase (4, 7). 

To study the keeping quality of fungus lipase, extracts from 
both fungi were adjusted to pH 5.0 with acid and buffer, and ali- 
quot portions equivalent to those generally employed were tested 
for lipolytic activity after different time intervals. Some of the 
lipase was preserved with toluene at room temperature (20-25°) 
and another portion kept in the refrigerator at 3°. 

The results in Table IT show that the lipase from both organisms 
loses about 40 per cent of its activity in 24 hours at room tempera- 
ture. From this point on, the activity decreases rapidly until 
most of it is gone in the Penicillium oralicum extract after 5 days; 
in the case of the Aspergillus flavus 80 per cent of the activity has 
disappeared in that period of time. When kept at 3°, the extracts 
lose about 20 to 30 per cent of their activity in 24 hours and 50 per 
cent after 2 days. 
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TasBie II 
Stability of Fungus Lipase in Aqueous Solution 





Penicillium ozalicum Aspergillus flavus 
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Taste III 
Hydrolysis of Various Substances by Lipase of Penicillium ozalicum 


Per cent 
Control | Activity | hydrolysis 
substrate 
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* These oils were hydrolyzed by a different extract from that employed 
on the previous substrates. 


These results focus attention upon an inherent difficulty in in- 
vestigations of this type. Because of the extreme instability of 
fungus lipase in aqueous solution, it is practically impossible to 
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obtain a truly absolute measure of lipolytic activity, since the 
enzyme is being destroyed rapidly at the same time that it is 
acting on the substrate. 

In order to study the effect of the fungus lipase on different sub- 
strates 10 cc. of a Penicillium oxalicum extract obtained from a 
culture of the fungus grown on a bran-soy bean medium were 
added to 5 cc. of buffer and 1 cc. of the substrate being investigated. 
In the case of olive oil, 2 cc. of a 50 per cent emulsion were em- 
ployed, the results being given in the first part of Table III. To 
25 ce. portions of extract obtained from a separate culture were 
added buffer and 5 cc. of emulsions containing 2.5 per cent gum 
arabic and 50 per cent of various oils as represented in the latter 
part of Table III. In all cases the controls were corrected for the 
increase in titer of the enzyme solution when incubated alone. 
The per cent of hydrolysis of the various oils was calculated from 
their saponification values and specific gravities as recorded in 
standard texts on the subject. 

From the results the lipase of this fungus appears to be practi- 
cally as active on a mixture of the higher glycerides (olive oil) as 
on a pure triglyceride of low molecular weight or an ester. Tribu- 
tyrin is hydrolyzed to a lesser degree than triacetin, although ethyl 
butyrate is transformed more than ethyl acetate. This was un- 
expected in view of the fact that the solubility of these compounds 
decreases with increasing molecular weights. However, similar 
results have been obtained with pancreatic and liver esterase act- 
ing on various substrates (10). 

The results also show that the lipase brings about a similar de- 
gree of hydrolysis in a variety of oils. It is of interest to note 
that of the oils which underwent but slight change, difficulty was 
experienced in emulsifying the menhaden, whale, and soy bean 
oils, and it is quite possible that the resultant emulsions, which 
outwardly appeared similar to the others, were of such a physical 
nature as to prevent the enzyme from exerting its action. The 
strongly aromatic caraway oil, on the other hand, emulsified read- 
ily but underwent practically no change. 

In no case was extreme specificity on the part of the lipase 
observed. Thus, while the lipase of Lactarius sanguifluus (8) and 
Aspergillus niger (9) was found to be specific for glycerides only, 
i.e. it exerted no action on esters, the lipase of Penicillium oxalicum 
was non-specific. 
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Table IV shows the effect of the concentration of Penicillium 
oxalicum lipase on the hydrolysis of olive oil. The degree of hy- 
drolysis is much greater than that theoretically calculated from 
Schutz’ empirical equation, wherein a direct proportionality exists 
with the square root of the enzyme concentration. 


TaBLe IV 


Effect of Concentration of Penicillium oralicum Lipase on Hydrolysis of 
Olive Oil 





‘ Per cent Theoretical 
Quantity of Control Activity | hydrolysis of | hydrolysi 
enzyme ad (Schuts’ law) 





mg. X ce. ‘ ce. 
62.5 ° 11.9 : 3.08 
125.0 : 12.6 ; 5.64 
187.3 : 13.0 ‘ 8.59 
250.0 . 14.1 ' 10.26 
312.3 " 14.8 . 12.56 
375.0 : 15.6 10.7 13.72 
437.3 é 16.4 : 14.87 
500.0 ‘ 17.2 13.6 17.44 




















TaBLe V 
Influence of Various Substances on Activity of Penicillium oralicum Lipase 





Material added Quantity Enzyme Control Activity 





ce. ce. ce. 


33.4 28.5 


Chicken bile 32.7 31.4 


1 

mg. 

CaCl, Se coleSiwcdvedesbeocecesée 100 
Lead acetate 50 
50 


38. 3 
35. 6 
30. 1 

















The literature on animal lipases contains frequent references to 
various substances which exert activating and inhibiting effects 
on these enzymes. Their possible réle and mode of action is still 
a matter of controversy. In order to determine their possible 
influence on fungus lipase action, the following substances were 
added to 200 mg. of precipitated Penicillium oxalicum lipase con- 
tained in 25 cc. of water: 1 cc. of chicken bile, 100 mg. of CaCl, 
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50 mg. of lead acetate, 50 mg. of ox gall. Although the activity 
of the lipase employed was low, the results in Table V are clear 
cut enough to indicate that CaCl, exerts an activating effect, while 
the chicken bile and ox gall lower lipase activity in the concentra- 
tions employed. 

The influence of the CaCl, appears to depend upon its concen- 
tration in the enzyme reaction mixture, as shown in Table VI. 
The possible réle of such activators has been previously explained 
by two theories: they neutralize in some manner the effect of 
inhibitors naturally occurring in the enzyme preparation, or they 
transform the inactive zymogen to the active form. 


Taste VI 
Influence of CaCl, on Action of Penicillium ozalicum Lipase 





CaCl: added Enzyme Control Activity 





cc. . ce. 
26.0 . 6.2 
27.3 ¥ 8.0 
28.4 , 8.8 
30.4 ; 10.3 
30.8 ‘ 10.5 
32.2 ; 11.1 
33.9 ‘ 11.8 














SUMMARY 


1. The water-soluble lipase of Penicillium oxalicum and Asper- 
gillus flavus is most active in the hydrolysis of olive oil at pH 5.0. 

2. The time-activity curve of the Penicillium oxalicum begins 
to flatten out after a 20 hour incubation period, while the Asper- 
gillus flavus curve is still rapidly ascending at this point. Glycerol 
has no effect upon the progress of the reaction when added in con- 
centrations equivalent to the amounts obtained upon 50 per cent 
hydrolysis of the olive oil. 

3. The Penicillium oxalicum lipase exerts its maximum effect 
at pH 5.0 over a 20 hour period when incubated at between 37—40°. 
It is practically inactivated at 60°. 

4. The lipase of both fungi is extremely unstable in aqueous 
solutions preserved at 3° or at 20-25° at pH 5.0. 

5. Penicillium oxalicum lipase is highly non-specific, bringing 
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about almost the same degree of hydrolysis of a variety of com- 
pounds including esters, the triglycerides of lower molecular 
weight, and a variety of oils in an emulsoid state. 

6. This lipase does not obey Schutz’ law concerning the influ- 


ence of increased enzyme concentration. 
7. CaCl, exerts an activating effect on this enzyme, which 
appears to depend upon its concentration in the reaction mixture. 


Chicken bile and ox gall have a depressing effect. 


The author is indebted to Dr. 8. A. Waksman for his helpful and 
friendly criticisms during the progress of the investigation and to 
Dr. J. J. Willaman, Dr. C. H. Hollander, and Dr. R. A. Diehm 
of the Réhm and Haas Company, for assistance rendered. 
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The increasing importance of studies of the biochemical behavior 
of fats seems certain to lead to the progressive decline of the use of 
natural fats in nutrition research because of their complexity. 
The saturated fatty acids and the unsaturated fatty acids as well 
as the non-saponifiable matter are now known to possess different 
biological activities, and the natural fats must be saponified to 
separate these components. After saponification, the fatty acids 
may be fed as such, resynthesized into the glyceride, or esterified 
with some other alcohol such as methyl or ethyl alcohol, propylene 
glycol, ethylene glycol, or diethylene glycol. 

Information bearing on the nutritive value of these esters 
as compared with fatty acids or with one another is entirely 
too meager. Only very recently Cox (1) has shown that the 
ethyl esters of lard are definitely inferior to the natural lard. 
The lard and its ethyl esters constituted 55 per cent of his 
diet. Takahashi (2) fed stearic, palmitic, lauric, and oleic acids 
at levels of 10 per cent and compared them with their glycerides. 
In all cases the glycerides were superior to the fatty acids, 
even when the fatty acids were fortified with the glycerol 
necessary for the corresponding glycerides. Why the glyceride 
should be superior to the fatty acids plus the glycerol when 
these are the compounds formed in the intestine upon hydroly- 
sis of the glyceride remains unexplained. Evans and Lepkovsky 
(3) found better growth with the glyceride of stearic acid than 
with the ethyl ester, but the ethyl ester of palmitic acid pro- 
duced somewhat better growth than the glyceride. In these 


* Aided by grants from the Research Board and the College of Agri- 
culture of the University of California, and the Rockefeller Foundation. 
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studies the fats were fed as 25 per cent of the diet. From the fore- 
going work it would appear that in general the glycerol ester is 
superior to the fatty acids or their ethyl esters. In this study the 
growth produced by lard, the lard fatty acids, or their ethyl esters 
was reinvestigated at the levels of 25 per cent and 60 per cent of 
the diet. The work was extended to include the synthetic glycer- 
ide, the methyl ester, and the esters of ethylene glycol, propylene 
glycol, and diethylene glycol. All conditions were kept strictly 
constant, so that the only variable studied was the character of the 
fat employed. 


EXPERIMENTAL 


Lard fatty acids were prepared by saponification with about 30 
per cent alcoholic potassium hydroxide or with 40 to 50 per cent 
aqueous potassium hydroxide. The fatty acids were liberated 
with sulfuric acid, dried, and distilled in a high vacuum at a tem- 
perature ranging from 165-190°. Some of the fatty acids dis- 
tilled at as high as 230°, but biological tests seemed to show no 
inferiority over those distilled at temperatures under 200°. 

The methyl esters were prepared by refluxing lard for 24 hours 
with 1.5 volumes of absolute methyl alcohol containing 2 to 2.5 
per cent dry hydrochloric acid. The esters were salted out with 
brine, washed with water, and taken up in ether, and then dried 
with anhydrous sodium sulfate, the ether removed, and the 
methyl esters distilled at 170-185°. 

The ethyl esters were prepared similarly, 2 volumes of absolute 
alcohol containing 7 per cent concentrated sulfuric acid being used. 
The glyceride and various glycol esters were prepared by heating 
the fatty acids and alcohol at 210—230° with dry CO, bubbling 
constantly through the mixture, washing with water, and drying. 

The esters were solid at room temperature with the exception of 
the methyl and ethyl esters, which were liquid. All of the com- 
pounds were colorless except diethylene glycol, which was light 
yellow, and propylene glycol, which was light brown. 

Groups of six rats 21 days old were put on the experimental 
diets containing 25 or 60 parts of one of the fatty compounds. The 
composition of the diets used is shown in Table I. 

Results with 25 Per Cent Fat—The growth curves of this series 
are shown in Chart I. Little difference exists between the syn- 
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thetic glyceride, lard, free fatty acids, and their ethyl and methyl 
esters. The ester of ethylene glycol and the low fat diet are 
inferior. 

Results with 60 Per Cent Fat—A second lot of the same sub- 
stances was prepared and with the exception of the methyl and 
ethyl esters fed as 60 parts of the diet. The results of this series 
are shown in Chart II. At this high level of fat, the diets con- 
taining the synthetic glyceride and the lard are the best. The 
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These diets were supplemented by 2 drops of cod liver oil and 1 gm. 
of brewers’ yeast given daily except Sunday. (The brewers’ yeast was 
generously supplied through the courtesy of the president, R. M. Allen, 
of the Vitamin Food Company, Inc., New York.) 

* The casein was generously donated by the Golden State Company, Ltd. 


diets with free fatty acids, with or without the glycerol, are 
definitely inferior and the ester of ethylene glycol the poorest. 
Another series of feeding tests at the 60 per cent level was made 
which consisted of the lard fatty acid esters of glycerol, ethylene 
glycol, propylene glycol, diethylene glycol, ethyl alcohol, and 
methyl alcohol. The esters of ethyl and methyl alcohol were 
liquid and the diets containing them were fed in small quantities 
in small glass dishes, and complete consumption of all the con- 
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Cart I. Composite growth curves of six female rats each, showing the 
growth obtained when diets containing 25 per cent of lard fatty acids or 
their esters were fed. Diet 684, glycerol ester; Diet 681, lard; Diet 683, 
fatty acid and glycerol; Diet 682, fatty acids; Diet 687, ethyl esters; 
Diet 686, methyl esters; Diet 685, ethylene glycol esters; Diet 680, low fat 
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Cuart II. Composite growth curves of six female rats each, showing 
the growth obtained when diets containing 60 per cent of lard fatty acids 
or their esters were fed. Diet 694, glycerol ester; Diet 689, lard; Diet 680, 
low fat controls; Diet 691, fatty acid and glycerol; Diet 690, fatty acids; 
Diet 695, ethylene glycol ester. 
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stituents was assured before additional diet was measured out. 
The results are shown in Chart III. 

The glyceride (Diet 694) again proved the best, and the propyl- 
ene glycol esters (Diet 716) definitely inferior. The results with 
the ethylene glycol esters (Diet 695) differed from those illustrated 
in Chart II. The mortality at the beginning was very great, five 
rats dying during the early part of the experiment. Six additional 
rats were added to the group, of which three died. The four sur- 
vivors grew very poorly. The animals on the diethylene glycol 


O94 


Wel. 


cca bers “ oft om 








20 icin 

Cart III. Composite growth curves of female rats, showing the growth 
obtained with 60 per cent of different esters of lard fatty acids. Diet 694, 
glycerol ester (six rats); Diet 680, low fat controls (six rats); Diet 716, 
propylene glycol ester (six rats); Diet 719, diethylene glycol ester (six 
rats); Diet 695, ethylene glycol ester (four rats); Diet 697, ethyl ester (three 
rats); Diet 696, methyl ester (three rats). 


esters (Diet 719) did fairly well at the beginning of the experiment, 
but after about 3 weeks on the diet they began to die, apparently 
from kidney damage. The rats receiving ethyl esters (Diet 697) 
did poorly at the beginning of the experiment, three out of six rats 
dying. Those that survived grew fairly well. The mortality 
among the rats receiving the methyl esters (Diet 696) was great 
and they never grew well at any time. The superiority of the 
glyceride (Diet 694) over other esters is marked. 








Fatty Acids of Lard 


Pathology' 

When the experiment had been in progress 40 days, postmortem 
examination was made of two animals from each group. The 
only lesions observed grossly were in the kidneys of the animals 
fed with esters of ethylene glycol and diethylene glycol. These 
abnormal kidneys presented a striking appearance. They were 
definitely enlarged and considerably heavier than normal. They 
were milky white in color or mottled with white, the surface being 
studded with nodules and pits. 

Microscopie sections showed marked dilatation of some of the 
collecting and some of the convoluted tubules. This was appar- 
ently the result of plugging of the collecting tubules by a yellowish 
crystalline deposit in the lumen, with a consequent hydronephrosis 
of the upper reaches of the tubular system. The epithelium of the 
collecting tubules was flattened. In the convoluted tubules the 
epithelial cells appeared to be normal in some portions of the sec- 
tions. In other places they were clear and unstained as if the 
normal cytoplasm had been replaced by a substance which had 
dissolved out during fixation and staining, and the nuclei were 
flattened and pressed to one side as in fat cells. (Frozen sections 
stained with Sudan III failed, however, to show an excess of fat 
in the tubules.) In certain areas the convoluted tubules appeared 
to have completely degenerated and to have been replaced by a 
bluish substance resembling calcium or a calcium soap. In con- 
trast to the marked abnormality of the tubules, most of the glo- 
meruli appeared to have suffered little damage. 

Microscopic sections of the kidneys of animals fed with the ester 
of propylene glycol did not show the characteristic lesions seen in 
the animals fed with esters of ethylene and diethylene glycol. No 
deposits were observed in the lumen of the tubules; the tubules 
were not noticeably dilated and the tubular epithelium appeared 
to be essentially normal. 
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The authors wish to express their thanks for the cooperation of Pro- 
fessor Charles L. Connor of the Department of Pathology, University of 
California, and Professor Thomas A. Addis of the Department of Med- 
icine, Stanford University, who kindly examined sections of the kidneys 
of these animals. 
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DISCUSSION 


Of the different forms of lard fatty acids studied in this com- 
munication, that which occurs in nature, the glycerol ester, is the 
best, in spite of exposures to temperatures of 200—230° for 6 to 8 
hours. The free lard fatty acids yield good results also, but 
definitely poorer than the glyceride at the 60 per cent level. No 
improvements resulted if free glycerol was added in amounts equal 
to that present in the glyceride. Since the glyceride is hydrolyzed 
in the intestinal tract to fatty acids and glycerol, it is difficult to 
understand the inferiority due to direct feeding of the glycerol and 
free fatty acids. 

Of the other polyhydric alcohols used in esterification, the pro- 
pylene glycol ester seems the best. Pharmacologically (5-7) it is 
apparently non-toxic, and should therefore be as good as the 
glyceride. This, however, was not the case. Ethylene glycol, 
however, is toxic (5-7), and the inferior growth and high mortality 
in the rats fed lard fatty acid esters of ethylene glycol may be 
explained on this basis. The rats fed the esters of diethylene 
glycol did so poorly as to suggest that the diethylene glycol is also 
toxic. 


SUMMARY 


1. Lard was saponified and its fatty acids collected, distilled, 
and esterified with glycerol to form “‘synthetic”’ lard; this was fully 
as satisfactory for the normal growth of rats as the untreated lard 
whether fed as 25 or 60 per cent of the diet. 

2. The free fatty acids with and without glycerol additions were 
good sources of energy when fed as 25 per cent of the diet, but some- 
what inferior to the glyceride at the 60 per cent level. 

3. The methyl and ethyl esters were also good when fed as 25 
per cent of the diet. When the methyl esters were fed as 60 per 
cent of the diet, growth was very poor. When the ethyl esters were 
fed as 60 per cent of the diet, there was an initial mortality but the 
survivors grew fairly well. 

4. Of the esters of the dihydric alcohols, propylene glycol was 
the best. Ethylene glycol and diethylene glycol were both poor 
and histologically the kidneys of these animals showed grave 
lesions. 
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THE SPARING ACTION OF FAT ON VITAMIN B 
VIII. ON THE LOSS OF VITAMIN B FROM THE RAT’S TISSUES* 
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When, with high intake of protein and vitamin G, fat acts to 
spare vitamin B (1), it could do so by slowing down the loss of 
vitamin B from the rat’s tissues. This possibility was first in- 
vestigated by Kemmerer and Steenbock (2) who fed adult rats 
high fat and low fat diets minus vitamin B for 30 days, after which 
the animals were killed, the livers and muscles frozen, and biological 
assays of these tissues made for vitamin B. The results showed 
that the tissues from the rats on the high fat diets were no richer 
in vitamin B per unit weight than those from the rats on the low 
fat diets. Their conclusions were that under the conditions 
studied fats exerted no sparing action upon the vitamin B content 
of the rat’s tissues. Westenbrink (3) confirmed these results with 
pigeons, but it should be pointed out that he worked with a double 
deficiency, vitamin B; (4) being omitted. Autoclaved yeast was 
also omitted from his diets. His results are accordingly difficult 
to interpret. 

It is necessary at this point to give some attention to the char- 
acter of the experimental animal employed, especially as regards 
the weight of the rat, because the vitamin B requirement of the 
rat has a quantitative relationship to the mass of active tissues 
(5) and therefore the weight. 

Special significance attaches to the fact (5) that a fixed amount 
of vitamin B could cause considerable growth in rats weighing 
about 40 gm., maintenance in rats weighing about 170 gm., and 


* Aided by grants from the Research Board and the College of Agricul- 
ture of the University of California, and the Rockefeller Foundation. 
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a decline in rats weighing about 260 gm. A similar phenomenon 
was encountered with the high fat diet when fed without vitamin 
B; growth was possible with rats weighing about 40 gm. (1) but 
adult rats weighing about 340 gm. declined rapidly (2). The de- 
cline of the adult rats on the high fat diet was but little slower than 
on the low fat diet (2). It is therefore logical to assume that in 
adult rats the vitamin B spared by the fat was so small in compari- 
son to their metabolic needs that the difference in the rate of with- 
drawal of the vitamin B from the tissues on high fat and low fat 
diets was so small as to render detection uncertain. On the other 
hand, with 40 gm. rats, growth was possible on the high fat diet, 
indicating that the vitamin B spared by the fat was sufficient to 
meet metabolic needs at least for a time. Under these conditions, 
it is conceivable that the vitamin B in the rat’s tissues need not be 
withdrawn, at least for a time, whereas on the low fat diet the 
vitamin B of the rat’s tissues might immediately be drawn upon, 
so that a difference in the vitamin B content of the tissues of rats 
on high and low fat diets should be measurable when 40 gm. ani- 
mals are used; and such, in fact, has been found to be the case. It 
is with this finding that this report is largely concerned. 


EXPERIMENTAL 


The technique and the materials used were the same as those 
already reported (1). Two diets were used. The low fat Diet 
776 consisted of casein! L-XII 36, autoclaved Fleischmann’s yeast? 
10, Salt Mixture 185 (6) 4, and sucrose* 60; the high fat Diet 777 
consisted of casein L-XII 36, autoclaved Fleischmann’s yeast 10, 
Salt Mixture 185 4, and lard 50. These diets were supplemented 
with 4 drops of cod liver oil every other day. The preparation 
of these materials has been described (1). Preparation 58 was 
used as a source of vitamin B, and consisted of 25 per cent alco- 


1 The casein was obtained through the California State Dairy Council, 
to whom and whose executive officer, Mr. Sam Green, we wish to express 
grateful acknowledgment. 

* The whole dried yeast was generously supplied by The Fleischmann 
Laboratories of Standard Brands, Inc. 

* The sugar was generously donated by the California~-Hawaiian Sugar 
Company of San Francisco. 

* The cod liver oil was kindly donated by E. R. Squibb and Sons, New 
York. 
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holic extract of rice bran concentrated in vacuo so that 1 ce. 
equaled approximately 5.0 gm. of the rice bran. Female rats were 
kept on the normal stock Diet I (7) for 5 days after weaning (21 
days of age) and were then distributed on the experimental diets, 
and kept in cages with wire bottoms until the rats on the low 
fat, vitamin B-free diet declined rapidly, when all the rats were 
killed for their tissues. The test rats were fed a low vitamin B 
diet consisting of casein L-XII 25, sucrose 75, Salt Mixture 185 4. 
This diet was supplemented with 2 drops of cod liver oil daily 
and 500 mg. daily of autoclaved Fleischmann’s yeast mixed 
with 50 mg. of unautoclaved brewers’ yeast. The presence of 
the small amount of brewers’ yeast enabled the rats to reach a 
level at about 80 gm. in weight and to maintain this for a con- 
siderable time, allowing a greater degree of freedom in the time 
of feeding the test materials. Addition of a source of vitamin B 
evoked a response in these rats proportional to its vitamin B 
content. 

The rats were decapitated and the blood was collected in alcohol 
and stored at 0° for analysis; the animals were then skinned, the 
subeutaneous fat removed as much as possible, and the muscles, 
especially from the upper and lower extremities, were removed. 
While no attempt was made to obtain a complete removal of the 
musculature, so far as possible the same muscles were removed in 
all rats. The livers and adrenals were then removed. Some of 
each was weighed. The adrenals were dropped into alcohol and 
stored. The hearts were also removed and stored in alcohol. The 
brains were then removed and some of them were weighed. All 
the tissues were stored at 0° for vitamin B bioassay. 

Food consumption records were obtained. Since no simple 
device was available to obtain accurate consumption records, 
we obtained approximate records by the following methods. 
Weighed, air-dried papers were put in the pans under the wire 
screens, and weighed food into the cups. Large amounts of food 
were spilled, and some of the sucrose dissolved in the urine, result- 
ing in syrupy masses. The feces were picked out of the pans from 
the spilled food and the papers and spilled food were scraped into 
pans, air-dried, and weighed. The feces obtained were stored for 
analysis of their vitamin B content. 


‘The brewers’ yeast was generously supplied through the courtesy of 
President R. M. Allen of the Vitamin Rood Company, Inc., New York. 
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Results 


Series I—Two series of rats were used to determine the sparing 
action of fat on the vitamin B content of the rat’s tissues. The 
first series was of a preliminary character and consisted of two 
groups of 68 female rats per group. They were kept on these 
diets until those on the low fat diet began to decline rapidly, when 
they were killed; their litter mates on the high fat diet were also 
killed at the same time. 

The results of the vitamin B analysis of these tissues are given 
in Table I. Composite growth curves of these two groups of 
donor rats are shown in Chart I. 


TaBie I 
Average Gains in Weight of Vitamin B Test Rats Fed 10 Days with Tissues 
of Rats Reared Approximately 40 Days on High and Low Fat Diets, 
without Vitamin B 
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The total body weight of the rats on the high fat diet was almost 
twice that of the rats on the low fat diet at the time of sacrifice. 
Their livers weighed approximately twice as much, the muscles 
more than twice as much, and the brains about the same. The 
vitamin B per unit weight of muscle was about the same on the 
high fat and low fat diets, and since more muscle was obtained 
from the rats on the high fat diet, it is evident that there was more 
vitamin B present in the musculature of those rats. The livers of 
the rats on the high fat diets not only weighed more than the livers 
of the rats on the low fat diets, but also contained more vitamin B 
per unit weight of liver. The brains of the rats on both diets had 
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the same weight and also the same content of vitamin B. The 
conclusion to be drawn from this experiment is that with growing 
rats, fats have a definite and positive sparing action upon the 
vitamin B content of the rat’s tissues. 

Series II—The foregoing results raised certain questions. (1) 
What quantity of vitamin B was lost from the rat’s tissues? This 
could be determined if the vitamin B content of the rat’s tissues 
were known at the initiation of the experiment. Obviously this 
was impossible, but a close approximation was possible by analyz- 
ing for vitamin B the tissues of litter mate rats at the time the 
experiment was started. (2) If fat has a positive vitamin B-spar- 
ing action on the rat’s tissues, as the preliminary results indicated, 
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Cuart I. Composite growth curves of two groups, each of 67 female 
rats, when they were fed high fat Diet 777 and low fat Diet 776, without 


vitamin B. 


does it decrease the loss of vitamin B via the gastrointestinal tract, 
or is vitamin B more efficient metabolically so that less of it is 
used up? By determining the vitamin B lost in the feces, some 
light might be thrown upon this question. (3) The brains of the 
rats upon both the high fat and low fat diets weighed the same and 
had the same content of vitamin B. Were the brains of the rats 
on the low fat diets favored at the expense of the other tissues? 
To answer these questions, a more extensive experiment was 
undertaken. Five groups with 87 rats in each group were used. 
Only litters containing as many as five female rats were used in 
order to obtain litter mate controls. All rats were put on Diet I 
when weaned at 21 days of age and kept on this diet for 5 days. 
Autopsy was then performed on one rat from each litter and the 
tissues served to establish the amount of vitamin B in the rat’s 
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tissues at the beginning of the experiment. Each of the other 
four rats was placed upon one of the four experimental diets, the 
high fat Diet 777, with and without vitamin B, and the low fat 
Diet 776, with and without vitamin B. The rats were closely 
watched and when any of the rats on the low fat Diet 776 without 
vitamin B declined rapidly, autopsies were performed and at the 
same time their litter mates on the other diets were also examined 
post mortem, and the tissues stored at 0° to await bioassay for 
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Cuart II. Composite growth curves of four groups of litter mate sisters 
when they were fed high fat Diet 777 with vitamin B (0.5 cc. of Prepara- 
tion 58); low fat Diet 776 with vitamin B (0.5 cc. of Preparation 58); high 
fat Diet 777 without vitamin B; and low fat Diet 776 without vitamin B. 
86 rats are represented in each of the first two curves and 87 rats in the 
last two curves. 


vitamin B. The growth curves of these rats are shown in Chart 
II. When all the tissues were collected, they were assayed for 
their vitamin B in the manner described for Series I. The results, 
while not duplicating those obtained in Series I, nevertheless 
confirm them, as can be seen in Table II. 

Livers—The livers of the rats on the low fat, vitamin B-free 
diet weighed about the same as those of the control rats on Diet I 
at the beginning of the experiment; but the amount of vitamin B 
in the experimental rat livers was reduced to about one-sixth of 
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that in the livers of the control rats on Diet I. The livers of the 
rats on the high fat, vitamin B-free diet weighed more than double 
those of the livers of the control rats on Diet I at the beginning of 
the experiment and the vitamin B potency found was about one- 
fourth as much, indicating a loss of about one-half the vitamin B 


Tase II 
Vitamin B Content of Muscles, Livers, and Brains of Rats on Diets Indicated 
The tissues were fed daily for 13 days in each case to six test animals. 
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* Four rats. 


from the liver. Hence, about 3 times as much vitamin B is lost 
from the livers of the rats on the low fat diet compared with those 
on the high fat diet, when none of the rats received any known 
source of vitamin B. On the diets with vitamin B, the livers 
trebled in weight with some decrease in the vitamin B content per 
unit weight when compared with the livers from the control rats 
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on Diet I at the beginning of the experiment. Weights of individ- 
ual livers of litter mate sisters on the different diets are given in 
Table III. 

Muscles—Approximately the same weight of muscle was ob- 
tained from the rats on the low fat, vitamin B-free diet as from the 
control rats on Diet I killed at the beginning of the experiment but 
the muscles were approximately only one-fourth as rich in vitamin 
B. The muscles from the rats on the high fat diet without vita- 
min B were approximately doubled in weight over that of the 


Taste III 
Weight of Livers of Litter Mate Sisters on Various Diets 
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muscles of their litter mate controls on Diet I, but the vitamin B 
potency was slightly less than one-half as great, indicating little 
net loss of vitamin B from the muscles. The loss, therefore, of the 
vitamin B from the muscles of the rats on the low fat diet is great, 
whereas almost a net equilibrium with respect to vitamin B has 
been maintained in the muscles of the rats on the high fat diet. 
With the rats on the high and low fat diets plus vitamin B, the 
muscles obtained were about 3 times that of the control rats on 
Diet I, and, though the vitamin B potency was less per unit 
weight of muscle, the net result was a considerable increase in the 
total vitamin B in the musculature. 
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Brains—The weights of the brains varied but little from those 
of the rats on Diet I. There was a decrease in the brain weight of 
the rats on the low fat, vitamin B-free diet, no change in those on 
the high fat, vitamin B-free diet, and a slight increase in those of 
the rats receiving vitamin B. The vitamin B potency of these 
brains was reduced in all rats as compared with the Diet I controls 
at the beginning of the experiment, with the exception of those on 
the high fat diet plus vitamin B. The greatest reduction in vita- 
min B was suffered by the rats on the low fat diet. Weights of 
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Weight of Brains of Litter Mate Sisters on Various Diets 
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some of the brains of individual litter mate rats on the different 
diets are given in Table IV. 

Adrenals—Weights were taken of the adrenals from some of the 
rats of the four experimental groups, and the results are shown in 
Table V. 

The weight of the adrenals of the rats on the low fat, vitamin 
B-free diets was the lowest, that from the rats on the high fat, vita- 
min B-free diet was a little more, while that from the rats receiving 
vitamin B, whether with high or low fat, was much more. This 
work is therefore in agreement with that of Gross (8) who also 
found that the adrenals of rats on low vitamin B diets were very 
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little altered as a result of the deficiency. The results differ radi- 
cally from those which show hypertrophy of the adrenals as re- 
ported by many workers (9-17). It should be noted, however, 
that the reports of hypertrophy of the adrenals in vitamin B avi- 
taminosis occurs chiefly in the case of pigeons, although Verzér 
and Péter (16) report hypertrophy with rats also; their data, how- 
ever, are not very convincing. 

Blood Fat—Hyperlipemia has been reported in animals on diets 
deficient in vitamin B (18-20), and to obtain some information on 
this question the pooled bloods of the rats on the various diets 
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were extracted with hot alcohol and finally with hexane, and both 
the hexane-soluble and hexane-insoluble materials were weighed. 
The fat could then be calculated as per cent of the dry matter of 
the blood. Sterols and sterol esters were determined by Okey’s 
(21) method. Iodine numbers were also determined by the Hanus 
method (22). The results are given in Table VI. 

It does not appear that a vitamin B avitaminosis has any great 
influence on the total blood fat. The highest blood fat is found in 
the normal rats on Diet I. It would seem that the diet and pos- 
sibly the age of the rats were more important as factors in deter- 
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mining the total blood fat than the deficiency in vitamin B. Ono- 
hara (23) also failed to find a hyperlipemia in dogs deficient in 
vitamin B. 

The iodine numbers of the blood fats from the rats on the vita- 
min B-free diets were higher than those of their litter mates receiv- 
ing vitamin B. This was especially marked with the low fat Diet 
776, the highest iodine number occurring in the blood fat of the 
rats on this diet without vitamin B, and a very low iodine number 
in the blood fat of the rats receiving vitamin B. Beyond estab- 
lishing that the low iodine number was not the result of experi- 
mental error, little can be said about it. 

The total sterols of the blood fat seemed to have little relation 
to the vitamin B avitaminosis. However, with the rats on the 


TaBie VI 
Nature of Blood Fats of Animals on Experimental Diets 
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high fat Diet 777, with and without vitamin B addition, the total 
sterols varied inversely with the percentage of fat. This was also 
true of the rats on the low fat Diet 776, with and without vitamin 
B. With the rats on this diet, without vitamin B, the total sterols 
of the blood fat were higher than in the other blood fats. It should 
be recalled that this same blood fat had also the highest iodine 
number. 

The sterol esters were almost absent in the blood fat from the 
rats on Diet I. They appear in the blood fat from the rats on the 
low fat diet in moderate amounts, and in larger amounts in the 
blood fat from the rats on the high fat diet. With the exception 
of the blood fat from the rats on the low fat, vitamin B-free diet, 
the same approximate amounts of total sterols are found in all the 
blood fats. The sterol esters, therefore, appear at the expense of 
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the free sterols, a proportionately greater reduction of the free 
sterols occurring with any increase in the sterol esters. Only with 
the low fat, vitamin B-free diet is there no apparent reduction of 
the free sterols with the appearance of the sterol esters, thus 
accounting for the high total sterol value of this blood fat. 

Heart Fat—In vitamin B deficiency, the heart seems always to 
be involved. In the rat, the heart rate is slow (24, 25) and in 
human beriberi the heart is enlarged and degeneration occurs (26). 
Similar changes occur in infantile beriberi (27, 28) and fatty 
degeneration of the heart has been noted (27). The heart fat was 
therefore isolated in the same manner as the blood fat and the 
iodine numbers determined. The results are as follows: 





777 + 0.5 co. 776 + 0.5 ce. 
Feapgetion 776 Soepgmntion 





13.1 14.8 15.0 
82.6 109.0 88.8 

















The percentage of fat in the hearts of the rats on the experi- 
mental diets shows no correlation with the vitamin B avitaminosis. 
A correlation of heart fat and blood fat does, however, exist. Thus 
on the high fat diet, the percentage of fat in the heart and blood is 
lower when the rats are fed vitamin B, but on the low fat diet, 
with vitamin B, the percentage of fat is very little higher in the 
heart, but definitely higher in the blood. Like the iodine numbers 
of the blood fats, those of the heart fats of the rats not receiving 
vitamin B were higher on both the high and low fat diets. The 
rats on the low fat, vitamin B-free diet were again conspicuous 
because of the very high iodine number found in their heart fat. 

Food Consumption Records—Weekly food consumption records 
were obtained with groups of fifteen rats each, on the high and low 
fat diets without vitamin B. The results are given in Table VII. 
As was to be expected from the work of Osborne and Mendel (29), 
the food intake varies inversely with the calorigenic content of the 
diet, the rats on the high sugar diet ate more than the rats on the 
high fat diet during the Ist week of the experiment. Subsequently 
with the oncoming vitamin B avitaminosis, the rats on the high 
fat diet ate more, as can be seen from Table VII. 
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Loss of Vitamin B in Feces—The feces were collected, air-dried, 
weighed, and assayed for their vitamin B content. The collec- 
tions were made in weekly periods, so that any variation in the 
vitamin B excretion with the progress of the vitamin B deficiency 
could be noted. The results obtained are given in Table VIII. 
The weights of the feces are only roughly quantitative. 


Taste VII 
Average Food Consumption, in Gm., per Rat per Day 
There were fifteen rats in each group. 





— Sex Diet No. Ist wk. | 2nd wk. 4th wk. 





776 (low fat) 4.9 : 1.4 (4 days) 
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777 (high “ ) 4.0 4.7 
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Tasie VIII 
Average Increase in Body Weight in 12 Days in Groups of Four Vitamin B 
Test Rats Fed 1 Gm. Daily with Feces Accumulated Weekly from Rats 
Reared on Vitamin B-Free Diets 776 and 777 





ist wk.'s feces | 2nd wk.'s feces | 3rd wk.’s feces | 4th wk.'s feces 





, : In- In- In- In- 
eee reat {in body| weaght lis bedky| wenght lis body] weight lis’ body 
; we in y| we! in y| wei in in 
obtained oO! weight of weight of weight weight 
feces | of test | feces | of test feces | of test of test 
rats rats rats 





gm gm. gm. 
776 (low fat).......| 112 | 29 | 123 | 24 | 85 | 25 
777 (high “).......| 116 | 28 | 113 | 20 | 152 | 23 


19 





























No great differences in the fecal elimination of vitamin B on the 
two diets seem to have taken place. There seems to be somewhat 
less vitamin B per unit weight in the feces of the rats on the high 
fat diet, but the total loss of vitamin B in the rat’s feces on this diet 
is greater because of the larger amount of feces eliminated. It will 
be noted that the vitamin B per unit weight of feces decreased 
somewhat after the Ist week on the vitamin B-free diets. This 
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may have been due to an excretion of vitamin B from the rat’s 
tissues into the gastrointestinal canal, which source of fecal vita- 
min B rapidly fell off as the stored vitamin B was exhausted from 
the tissues. 

' It is evident that whatever sparing action fat may have upon 
the vitamin B content of the rat’s tissues, its mechanism is not the 
prevention of loss of vitamin B in the feces. Actually, more vita- 
min B is lost in the feces of the rats on the high fat diet than in 
those on the low fat diet. If we accept as a rough unit for vitamin 
B, a gain of 25 gm. per gm. of feces for the 12 day experimental 
period, the rats on the low fat diet lost approximately 370 units of 
vitamin B as against about 490 units on the high fat diet. More- 
over, there was little difference in the vitamin B content per unit 
weight of the feces of the rats on the two diets. The substantial 
agreement in the vitamin B content of the feces from the rats on 
the two diets is significant in the light of the large difference in the 
vitamin B losses from their tissues. Using the same approximate 
vitamin B unit employed for the feces, and applying it to the rat’s 
tissues actually isolated, we find that approximately 810 units of 
vitamin B were lost from the tissues of the rats on the low fat diet 
as compared to a loss of about 450 units of vitamin B from the 
tissues of the rats on the high fat diet. It is evident, therefore, 
that the vitamin B lost from the tissues did not appear in appreci- 
able amounts in the feces, but must have been dissipated in the 
various processes of the rat’s metabolism. Since the vitamin B 
content of the feces per unit weight on both diets is approximately 
the same, it seems clear that the vitamin B content of the feces is 
independent of the losses of vitamin B from the rat’s tissues. The 
tedious effort of the quantitative reeovery of urine and its assay 
for the vitamin was not undertaken. 


DISCUSSION 


Both series of experiments indicate that there is a positive spar- 
ing action of fat on the vitamin B content of the rat’s tissues. 
There was no exact duplication of the results, and such a duplica- 
tion is hardly to be expected since we have to contend with dy- 
namic conditions involving continuous change of the vitamin B 
content of the rat’s tissues, and it would be unlikely for one to 
obtain such tissues twice in exactly the same condition with re- 


spect to vitamin B. 
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The use of young growing animals appears to have rendered 
possible the demonstration of the sparing action of fat on the vita- 
min B content of the rat’s tissues. Advantage was taken of the 
fact that the small rat requires so little vitamin B that the amount 
spared by the fat is sufficient for a short time to meet its physiologi- 
cal needs, including growth. The vitamin B in the rat’s tissues 
is therefore not drawn upon to the extent that the vitamin B is 
spared by the fat, whereas on a low fat diet, the vitamin B 
is drawn upon immediately, thus creating a difference in the 
vitamin B content of the tissues of rats on high fat and low fat 
diets. 

The mechanism of the sparing action of fat probably lies in the 
reduction of the vitamin B dissipated in metabolic processes, less 
vitamin B being consumed and destroyed when high fat diets are 
fed, so that with the same amount of vitamin B, the rat is able to 
live much longer and to make some growth. It must always be 
kept in mind, however, that fat by itself will not spare vitamin B 
(1), but the cooperative action of high protein and high vitamin G 
is also necessary. Nor can it be said that this phenomenon is 
any too well understood, since exact duplication of results is not 
always possible (1). 

It is possible that the variation obtained is caused by insufficient 
control of some other factor in the vitamin B complex, or variation 
of dietary ingredients such as the autoclaved yeast, casein, or lard. 

Analysis of the vitamin B content of rat’s feces indicates that 
vitamin B is lost in the feces even when the rats are rapidly declin- 
ing from vitamin B deficiency, and the tissues are fairly well 
exhausted of vitamin B. The fecal vitamin B may come from the 
rat’s tissues or from bacteria in the gastrointestinal tract. So far, 
no method has been evolved to determine the source of vitamin B 
in the rat’s feces. 

As the vitamin B is withdrawn from the rat’s tissues, the liver 
is exhausted in a greater degree than the other tissues. It is 
possible that the vitamin B in the liver represents the vitamin B 
reserves which are drawn upon by the other tissues as their supplies 
are exhausted. Thus on Diet 777 minus vitamin B, there was little 
net loss of vitamin B in the muscles, though there was considerable 
reduction of the vitamin B in the livers, which could be interpreted 
to mean that the vitamin B in the muscles was maintained at the 
expense of the supply of this vitamin in the livers. 
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With respect to the vitamin B content per unit weight, only in 
the brains of rats on the high fat diet plus vitamin B was the level 
of vitamin B of their litter mate sisters on Diet I at 26 days of 
age maintained. All the other brains decreased in vitamin B po- 
tency per unit weight in the following order: brains from rats on 
the low fat diet plus vitamin B, on the high fat diet without vita- 
min B, and on the low fat diet without vitamin B. 

Westenbrink has shown (30) that vitamin B is lost more rapidly 
from the muscles than from the brains of rats on vitamin B-free 
diets. In the present work, this is true for the vitamin B content 
per unit weight of tissue on both the high and low fat diets. It is 
also true for the absolute amount of vitamin B lost from the mus- 
cles and brains on the low fat diet, but it is probably not true for 
the high fat diet. The total loss of vitamin B from the muscles of 
the rats on the high fat diet is probably no greater than from the 
brains of these rats. Though the concentration of vitamin B per 
unit weight of muscles suffered a greater loss than that of the 
brains, the greater increase in muscular tissue over that of the 
brain tissue resulted in little net loss of vitamin B from the muscles, 
which was probably of about the same order as the loss in the 
brains. In comparing relative rates of loss of vitamin B from 
various tissues, it is necessary to distinguish between absolute 
decreases and decreases in vitamin B concentration per unit weight 
of tissues. 


SUMMARY 


1. In growing rats, fat appears to exert a measurable sparing 
action upon the vitamin B content of the rat’s tissues. 

2. The loss of the vitamin B in the feces bears no relation to the 
loss of this vitamin from the tissues, and it therefore appears that 
fat spares vitamin B by decreasing the amount of this vitamin 
dissipated in the metabolism of the rat. 

3. When rats are reared without vitamin B, the muscles of those 
on the low fat diet suffer a loss in vitamin B, both in absolute 
amount and in concentration per unit weight, but on the high fat 
diet, though the concentration per unit weight is reduced by about 
one-half, there is little loss in the absolute amount of this vitamin, 
since the muscles weigh approximately twice as much. 

4. The liver seems to be the site of the greatest initial withdrawal 
of vitamin B. 
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5. The percentages of heart and blood fats and their iodine 
numbers were determined, and in the case of the blood fats, the 
sterols and sterol esters were determined. These data are dis- 
cussed, although their significance is not yet clear. 
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THE EFFECT OF INSULIN ON THE EXCRETION OF 
ALLANTOIN BY THE NORMAL DOG* 


By P. 8S. LARSON anp I. L. CHAIKOFF 


(From the Division of Physiology, University of California Medical School, 
Berkeley) 
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Although the influence of insulin on the carbohydrate metabo- 
lism of normal animals has received wide study, the relation of this 
hormone to other phases of metabolism still remains obscure. 
This is particularly true in the case of purine metabolism, where 
only a few, and apparently contradictory, observations have been 
reported. In man, Kiirti and Gyérgyi (1) found no uniform effect 
of insulin upon the endogenous excretion of uric acid. A similar 
finding was reported by Quick (2), who injected 30 units of insulin 
into a man ingesting sucrose. The former workers, however, 
claimed that insulin in man led to an increase in the uric acid con- 
tent of the blood during the ingestion of nucleic acids. In the 
dog, Liotta (3) found an increased uric acid content of the blood 
following the injection of insulin, whereas in another species, 
namely the bird, Tashiro (4) observed a decrease in this constitu- 
ent after insulin. As regards urinary allantoin of the normal dog, 
Taubmann (5) reported an increased excretion under the influence 
of insulin, while Ogawa (6) found a decrease. Curiously enough, 
Buadze (7) stated that, whereas 20 units of insulin led to ade- 
creased excretion of allantoin, the administration of 30 units re- 
sulted in an augmented elimination of this substance in the urine 
of the dog. 

In view of the divergent nature of the results that have been 
reported, a series of studies on the relation of insulin to purine 
metabolism has been undertaken in this laboratory. The present 
report deals with the effect of insulin on the excretion of allantoin 
by the normal dog. 

* A preliminary report of this investigation appeared in Proc. Soc. Exp. 


Biol. and Med., 31, 820 (1934). 
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460 Insulin Effect on Allantoin Excretion 


EXPERIMENTAL 


Care of Animals—Female dogs were used in this investigation. 
They were kept in metal metabolism cages and fed a synthetic 
diet devised by Cowgill (8). The casein, sucrose, vitavose, bone 
ash, and Karr’s salt mixture (9) were thoroughly mixed in quanti- 
ties sufficient for several complete experiments. The uniformity 
of the mixture was tested by nitrogen determinations in various 
parts. Fat, consisting of 17 gm. of lard and 9 gm. of unsalted 
butter per 100 gm. of the above mixture, was added at each time 
of feeding. Each dog, receiving in the neighborhood of 60 calo- 
ries per kilo of body weight, maintained a good appetite through- 
out the experiment, immediately ingesting all food served. By 
this procedure, the animals were brought into nitrogen equilib- 
rium after 10 days or 2 weeks of feeding; after this period the daily 
excretion of nitrogen rarely varied by more than 0.30 gm. of nitro- 
gen. 4 days of an equilibrium in which the daily excretion of 
nitrogen did not vary by more than 0.20 gm. were accepted as a 
suitable control period prior to the injection of insulin. 

The dogs were fed once per day and catheterized twice daily. 
The time intervals of catheterization were planned with respect to 


the time of feeding so that samples of urine were obtained for the 
5 hour interval prior to feeding and for the 19 hour interval after 
the ingestion of food. 


Methods 


The following analytical procedures for urine were employed: 
ammonia, Folin and Bell method (10); urea, Van Slyke method 
(11); total nitrogen, Kjeldahl method. Allantoin was determined 
by the method of Read and Chaikoff (12). Its accuracy was 
tested by the recovery of allantoin added to (1) water, (2) solu- 
tions containing known amounts of giucose and nitrogenous sub- 
stances present in normal urine, and (3) urine. In all cases satis- 
factory recoveries were obtained. 


Results 


The effect of insulin on the excretion of allantoin in three normal 
dogs is shown in Table I. Essentially the same results were ob- 
tained in all animals. 
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Dog T—The 5 hour excretion of allantoin nitrogen from 8.30 
a.m. to 1.30 p.m. on the 3 days prior to the injection of insulin re- 
mained fairly constant, varying from 24 to 28 mg. Following the 
injection of 6 units of insulin, the elimination of allantoin practi- 
cally doubled. Since the allantoin excreted during the next 19 
hours showed no increase over the four previous control periods, 
it would seem that insulin acts fairly rapidly on the elimination 
of allantoin by the dog. 

Dog L—The excretion of allantoin nitrogen for the three 5 
hour control intervals varied from 26 to 29 mg. When 7 units 
of insulin were injected at 8.45 a.m., the allantoin nitrogen ex- 
creted for the 5 hours thereafter rose to 62 mg., an increase of 120 
per cent above the control level. 

Dog S—In this animal, the injection of 5 units of insulin ap- 
proximately doubled the amount of allantoin excreted during the 
5 hour period following the administration of the hormone. As 
in the case of Dogs T and L, the excretion of allantoin in the fol- 
lowing 19 hour interval was not affected. 

No alteration in urine volume was observed after the injection 
of insulin in normal dogs, despite the fact that the concentration 
of allantoin in the urine had increased by 100 per cent or more in 
the 5 hour period immediately after the administration of the 
hormone. It is a reasonable inference, therefore, that the in- 
creased elimination of allantoin in the urine that follows the sub- 
cutaneous injection of insulin cannot be ascribed to a diuretic or 
“washing-out”’ effect upon the kidneys. The results of the pres- 
ent investigation, however, give no indication of the source of the 
extra allantoin eliminated. This question will be dealt with in 
subsequent papers of this series. 


SUMMARY 


Insulin increases the excretion of allantoin in the urine of nor- 
mal dogs. An increased concentration of allantoin makes its 
appearance in the urine soon after the administration of the hor- 
mone, the effect being entirely completed within 5 hours in the 
case of 9 to 12 kilo animals that have received a single subcutane- 
ous injection of 5 to 7 units of insulin. No diuresis is associated 
with the increased elimination of allantoin. 
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Since 1905, when the first attempt was made to extract the 
lecithin attached to serum globulins (1), more than a score of 
papers on the association of proteins with lipids have appeared in 
the foreign literature (2,3). In this country, Turner and Gibson 
(2) recently investigated this problem and found that definite 
amounts of lecithin, fatty acids, and cholesterol were carried down 
when the protein fractions in human and dog plasma and in horse 
serum were salted out. Man and Peters (3) concluded from their 
experiments on the permeability of capillaries for protein and lipids 
that a definite association between them was not obligatory, al- 
though they conceded that such protein-lipid complexes might 
exist and that the proteins might act as vehicles for a certain 
amount of lipid material. 

The experiments about to be described were conceived with a 
view to determining the nature and strength of this combination 
between protein and lipids; in the present study total protein and 
free and ester cholesterol alone were investigated. Transudates 
and exudates were chosen as a protein-cholesterol vehicle because 
ultrafiltration and adsorption studies could be carried out with 
fewer technical difficulties on such fluids than on blood serum or 
plasma. 

Material and Methods 


Nine pathological body fluids were obtained from six patients. 
Each fluid was filtered through fat-free filter paper in order to 


* Aided by a grant from the Josiah Macy, Jr., Foundation. 

Presented before the American Society of Biological Chemists at New 
York, March, 1934 (J. Biol. Chem., 105, xiii (1934)). 
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remove fibrin clots and suspended cells. The total protein and 
free and ester cholesterol were then determined. Following this, 
three types of experiments were carried out: (1) four effusates 
were ultrafiltered and the total protein and the cholesterol partition 
determined in the ultrafiltrate and in the ultrafilter residue; (2) 
three fluids were passed through a Berkefeld (kieselguhr) candle 
and the filtrate analyzed for the same constituents; (3) in nine 
instances, dry kieselguhr powder was added to the pathological 
effusate for varying periods of time; following filtration through 
fat-free filter paper, the filtrate was studied for total protein and 
for free and ester cholesterol. 

The cholesterol partition was determined by the Bloor-Knudson 
method (4). Colorimetric estimations for cholesterol were car- 
ried out according to the modified procedure used in this labora- 
tory (5). The total protein was determined according to the 
method of Wu and Ling (6) as described by Peters and Van Slyke 
(7). Ultrafiltration was carried out in the high pressure ultrafil- 
ter of Nicholas (8) as used by Spain and Newell (9). 


Results 


Table I shows the results obtained with ultrafiltration of four 
pathological body fluids. In the first two experiments (F. W. 
and R. L.), the cellophane membrane was moderately permeable 
to protein. In these instances, a small amount of cholesterol was 
also found in the ultrafiltrates. In the third and fourth experi- 
ments (8S. G., two fluids), the impermeability of the cellophane 
membrane for protein was associated with a like impermeability 
for cholesterol. The analyses of the ultrafilter residue demon- 
strate, as would be expected, a concentration of both protein and 
cholesterol. The relative concentration of total protein and of 
free and ester cholesterol in the ultrafilter residue is not significant, 
because in all cases a gelatinous mass formed on the cellophane 
mat which could not be mixed intimately with the aqueous residue. 
It is interesting to note, however, that more free cholesterol than 
ester cholesterol was bound with the gelatinous precipitate, as in- 
dicated by the increase in the per cent of esters in the ultrafilter 
residue in three out of four instances. 

The results obtained with Berkefeld (kieselguhr) filtration of 
three pathological body fluids are given in Table II. The second 
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TaBie II 


Effect of Berkefeld Filtration on Cholesterol Partition and Total Protein 
Content of Pathological Body Fluids 


Original fluid 








Total cho- 
lesterol 
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Fig. 1. Per cent of free cholesterol, ester cholesterol, and total protein 
in a pathological body fluid adsorbed by powdered kieselguhr. Pleural 
fluid from case M. L.; 2 gm. of dry kieselguhr powder were added to 20 ce. 
of the pathological effusate for the periods of time indicated. 
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experiment (M. G.) demonstrates particularly that the kieselguhr 
candle adsorbs cholesterol selectively; in this case, filtration re- 
moved approximately 72 per cent of the total cholesterol and only 
18 per cent of the total protein. Attention is called to the definite 
increase in the ester cholesterol per cent of the total cholesterol 
in the Berkefeld filtrates. The significance of this observation 
will be discussed later. 

Table III shows the results obtained in nine experiments with 
kieselguhr powder on four pathological body fluids. This procotol 
shows practically the identical results obtained with Berkefeld 
filtration. Kieselguhr shows a selective adsorption for free and 
ester cholesterol in the order named; the amount of cholesterol 
adsorbed varies directly with the duration of contact. This is 
expressed graphically in Fig. 1 where the values obtained in experi- 
ment on M. L. (Table III) have been expressed in per cent of free 
and ester cholesterol and total protein adsorbed by kieselguhr 
powder in 1, 3, 18, and 24 hours. In these experiments, the selec- 
tive adsorption of free cholesterol to kieselguhr is also evident and 
may be interpreted as indicating a stronger linkage between pro- 
tein and ester cholesterol than between protein and free choles- 
terol. Such a conclusion, however, is not obligatory, as will be 


discussed below. 


DISCUSSION 


Went and Goreczky (10) and Bendien and Snapper (11) have 
shown that cholesterol will pass through an ultrafilter membrane 
only with difficulty. The present experiments confirm this ob- 
servation. The impermeability of cellophane or collodion mem- 
branes for cholesterol as it exists in serum, plasma, or pathological 
body fluids may be accounted for in one of three ways: either (1) 
the cholesterol is adsorbed to the membrane itself (disproved by 
Bendien and Snapper (11)), or (2) the cholesterol is adsorbed to 
protein and thus rendered impermeable, or (3) the cholesterol oc- 
curs in such fluids as large molecular aggregates which cannot 
readily pass the membrane pores. 

The hypothesis that cholesterol-protein combinations or com- 
plexes exist in body fluids has received the most attention. The 
nature of this affinity, however, has only been mentioned casually. 
It does not appear necessary to assume that cholesterol is firmly 
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bound to protein because of the difficulty experienced in extract- 
ing this sterol from a protein mass. Under such circumstances 
we are probably dealing with cholesterol aggregates enmeshed in 
comparatively large protein particles and a complete and rapid 
extraction of the sterols by lipid solvents is thus rendered difficult. 
The observation of Cavett (12) that lipids are extracted more 
easily from moist than from dry proteins supports this contention. 

Gardner and Gainsborough (13) and Young (14) believe that 
cholesterol-is bound to protein in a loose way and that no chemical 
union exists between them. The present experiments support 
this view unconditionally. The comparative ease with which 
cholesterol can be removed from a vehicle containing both protein 
and cholesterol, as shown by the filtration of body fluids through a 
Berkefeld candle and by contact with kieselguhr powder, indicates 
that if a protein-cholesterol complex does exist in such fluids, the 
combination between them, obviously, must be a feeble one. 

Mention was made above that the per cent of ester cholesterol 
in the filtrates was often increased following Berkefeld filtration or 
after contact with kieselguhr powder. In the first analysis, this 
may be interpreted as indicating a stronger linkage between ester 
cholesterol and protein than between free cholesterol and protein. 
This conclusion, however, is not obligatory, for the following rea- 
sons. There is no evidence to warrant the assumption that free 
and ester cholesterol are alike in the kind and degree of electric 
charge carried by them, or that they lower surface tension to the 
same extent. Such differences may account very well for the 
unequal adsorption of free and ester cholesterol to kieselguhr. 
Again, it is conceivable that ester cholesterol may adhere to kie- 
selguhr only after the adsorption of the free form, the kieselguhr- 
free cholesterol surfaces acting as an adsorbent for cholesterol 
esters. 

The present investigations lead to the conclusion that cholesterol 
must exist in body fluids as large molecular aggregates. These 
cholesterol micelle not only approximate the protein particles in 
size but probably resemble them in other physical properties as 
well. Thus, when the proteins are salted out or precipitated from 
serum, plasma, or pathological body fluids, cholesterol is likewise 
thrown down; the protein precipitate invariably contains choles- 
terol, and this finding, more than any other, has led to the assump- 
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tion that definite cholesterol-protein combinations must occur. 
In fact, however, the existence of such complexes is exceedingly 
doubtful. 


SUMMARY 


Experiments on ultrafiltration, Berkefeld (kieselguhr) filtra- 
tion, and adsorption with kieselguhr powder were carried out on 
nine pathological body fluids. The results indicate that choles- 
terol exists in effusates as large molecular aggregates approximat- 
ing the protein micelle in size. There is little or no evidence that 
cholesterol-protein complexes occur in such fluids. 


Samuel Member and John M. Newell rendered valuable assist- 
ance in these experiments, for which grateful recognition is given. 
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Heretofore there has not been available a micromethod, requir- 
ing only simple apparatus, which can be used for the determination 
of the glycerol contained as fatty esters in lymph. We have been 
interested for some time in the problem of esterification of fatty 
acids in the intestinal mucosa following the feeding of free fatty 
acids. In the course of this work it became necessary to determine 
accurately the fatty glycerol ester content of the lymph. It 


occurred to us that this could be done by oxidation of the water- 
soluble constituents (not precipitable by copper-mercury reagent) 
of the purified fatty material before and after saponification. The 
procedure here described permits the microdetermination of the 
total glycerol content of lymph fat and, if lipid phosphorus is also 
determined, the calculation of neutral fat content. 


Method 


Reagents 

Alcohol-ether mixture. 3 volumes of ethyl alcohol and 1 of an- 
hydrous ethyl ether, according to Bloor (1). 

Petroleum ether. Boiling point 30—60°, according to Bloor. 

Distilled water. The distilled water used in the preparation of 
reagents and throughout the determination must be free from or- 
ganic matter. We have found it necessary to use redistilled 
water, or water distilled over KMnQ,. It should be kept in a 
glass container fitted with a glass siphon with a minimum of rubber 
connections. Water should never be taken from a wash bottle. 


* National Research Council Fellow in Medicine, 1933-34. 
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Approximately 5nN NaOH. Use c.p. NaOH and store in a glass- 
stoppered bottle, the bottom of which is covered with about 1 inch 
of broken glass. Protect from dust. 

10 n H,SO,. This should be made slightly stronger than 10 n, 
so that 1 volume of the solution, when added to 2 volumes of the 
5 n NaOH, will give an acid solution. Protect from dust. 

Copper-mercury reagent. A solution containing 65 gm. of 
HgCl, and 50 gm. of CuSO,-5H,0 per liter. Protect from dust. 

Ca(OH), suspension. 150 gm. of lime are slaked with water, 
and immediately afterward enough water is added to bring the 
volume to about 1 liter. The mixture is vigorously stirred, allowed 
to settle a few minutes, and the lighter particles are separated by 
decantation. Protect from dust. 

Approximately 0.02 n KMnQ,. This is prepared fresh each 
day from 0.1 N permanganate. 

0.02 n NaS.0;. This is prepared fresh each day by diluting the 
calculated quantity of standard thiosulfate. 

Starch solution. A 1 per cent solution of soluble starch. 

Potassium iodide, c.P. 


Procedure 


Preparation of Lymph Extract—The extraction is carried out 
with the alcohol-ether mixture according to the procedure of Bloor 
(1). The volume of lymph necessary varies from 1 part in 10 of 
alcohol-ether mixture for lymph during fasting to 1 part in 25 for 
fat-rich lymph. 

Partial Purification of Fatty Material—10 to 15 cc. aliquots of 
the alcohol-ether extract are pipetted into 125 ec. Erlenmeyer 
flasks and evaporated to dryness on the steam bath. 1 cc. of 
distilled water is added to each sample, and the flask is again 
warmed on the steam bath. The fatty material is then extracted 
four times with petroleum ether; each portion of solvent is allowed 
to boil gently, with frequent rotations, for a minute or longer before 
decantation into another Erlenmeyer flask. The combined pe- 
troleum ether extract is evaporated to dryness on the steam bath, 
the last trace of solvent being removed by a gentle current of 
filtered air. 

Saponification—10 cc. of 5 N NaOH are added. Saponification 
is then completed by heating on a boiling water bath for 15 min- 
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utes, with occasional rotation. The sample is then quantitatively 
transferred to a 100 cc. volumetric flask. The alkali is neutralized 
with 5 ec. of 10 N sulfuric acid, and the mixture is cooled. 

Copper-Mercury Precipitation—5 cc. of Cu-Hg reagent are 
added, and the contents are mixed. An excess of Ca(OH), sus- 
pension, usually 5 cc., is now added, the contents are well mixed, 
and the volume is adjusted to the mark. The flask is shaken a 
number of times, after which aliquots for analysis are withdrawn 
directly from the flask, or the solution is first filtered through a 
12.5 cm. filter paper. Direct withdrawal of the sample is pre- 
ferred, because it simplifies the procedure and eliminates one of 
the sources of error. Filter paper, as was shown by Avery and 
Hastings (2) and Friedemann and Graeser (3), contains consider- 
able quantities of oxidizable material. Avery and Hastings 
suggest centrifugation. Subsequent work has shown that this 
soluble organic material of filter paper appears largely in the first 
10 ce. of filtrate. If filtration is used, the first 15 to 25 ce. of fil- 
trate should be discarded. 

Oxidation by Alkaline Permanganate—10 to 25 cc. of filtrate, or 
of supernatant solution, are pipetted (by means of a cotton-plugged 
pipette) into either a 125 cc. glass-stoppered Erlenmeyer flask or a 
150 ec. extraction flask covered with a 100 ec. beaker. We prefer 
the latter. Enough water is added to bring the volume to 25 cc. 
10 ec. of 5 N NaOH are now added, and 25 cc. of 0.02 n KMnO, 
are then run in, with rotation, from a cotton-plugged pipette. 
The flask is again rotated and then placed in a pan of boiling water. 
Digestion is continued for 20 minutes in the boiling water bath. 
At this stage glycerol is converted almost quantitatively into 1 
molecule each of oxalic acid and carbon dioxide. Oxidation is 
completed by acidification. The flask is now cooled for 10 min- 
utes in a shallow pan of running water. It is acidified with 10 cc. 
of 10 n H,SO, and cooled 5 minutes longer. The excess of KMnO, 
is determined iodometrically. 0.2 to 0.3 gm. of KI is added, and 
the liberated iodine is titrated with 0.02 Nn Na2S,0s. 

Blanks—One cannot assume that the oxidation by perman- 
ganate is entirely due to glycerol liberated by saponification, and 
blank estimations must be run on samples of the unsaponified fat 
as well as upon every fresh lot of reagents used in the determina- 
tion. 
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Sources of Error—Few, if any, organic impurities are introduced 
by the solvents. Some are introduced by the 5 n NaOH, but 
these are reduced to a minimum by the broken glass placed in the 
bottom of the bottle, which prevents sediment from being sus- 
pended when solution is withdrawn. Another source of error is 
the filter paper, but this can be entirely corrected by the blank if 
the first portion of filtrate is discarded, as we have indicated in the 
directions. Furthermore, large errors will be introduced unless 
great care is taken to use only scrupulously clean glassware. The 
flask in which the Cu-Hg precipitation is carried out and the flask 
in which the oxidation and final titration are carried out should be 
carefully cleaned with chromic acid, thoroughly washed, drained 
in a wire rack, and protected from subsequent contamination by 
dust. Rinsing these flasks with distilled water, just prior to pre- 
cipitation and oxidation, is recommended. The Cu-Hg filtrates 
and the reagents used in the oxidation should be measured only 
from cotton-plugged pipettes, in order to prevent contamination 
with saliva. The lower part of these pipettes should not be 
allowed to touch the desk, nor should they be touched with the 
hands, and, if used repeatedly, each should be placed in an up- 
right position in a clean test-tube. It should be remembered that 
considerably less than 1 mg. of glycerol is determined by this 
oxidation, and the introduction of slight impurities may greatly 
affect the results. If care is taken to observe these precautions 
as to cleanliness, results which check closely are obtained. 

Calculations—1 mg. of glycerol is equivalent to 7.6 cc. of 0.02 N 
or 15.2 ec. of 0.01 n KMnQ,. 


A (ee. of 0.02 n thiosulfate titration of unsaponified sample) minus B 
(ee. of 0.02 n thiosulfate titration of saponified sample) equals C (cc. of 
0.02 n thiosulfate necessary to oxidize glycerol from neutral fats and 
phospholipids). 


(C X 100)/(7.6 X S) = total glycerol in mg. per 100 cc. 
S is the lymph equivalent in cc. used in the oxidation. The phospho- 


lipid glycerol is 3 times the lipoid phosphorus, and this value taken from 
total glycerol gives that due to neutral fat. 


Assuming an average molecular weight of 280 for the fatty 
acids, the molecular weight of the esters is as follows: neutral 
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fat 878, lecithin 799, cephalin 739. Since the phospholipids are 
present chiefly as lecithin, we may assume an average molecular 
weight of 780 for the purpose of calculation. The factors for 
conversion of glycerol into terms of neutral fat or phospholipid are 
9.54 and 8.48, respectively. 


EXPERIMENTAL 


The following illustrative experiments are described to indicate 
the degree of accuracy and the application of the procedure. 

Determination of Glycerol in Pure Tristearin—A stock solution in 
chloroform of tristearin (Eastman), m.p. 70-71°, was prepared. 
Aliquots containing 10 mg. were diluted with 15 cc. of alcohol- 
ether mixture, evaporated to dryness, saponified, and precipitated 
by the Cu-Hg reagent. Oxidation of 25 cc. of the Cu-Hg filtrate 
was carried out with 0.01 n KMnQ,, and the residual perman- 
ganate was estimated with 0.01 Nn thiosulfate. Duplicate un- 
saponified samples required 24.00 and 24.00 cc., respectively, of 
0.01 N thiosulfate; the saponified samples required 20.13 and 20.15 
ec., respectively. The average difference between the saponified 
and the unsaponified samples was 3.86 cc. This corresponds to a 
recovery of 1.015 mg. of glycerol from the tristearin. The calcu- 
lated recovery is 1.02 mg. 

Determination of Glycerol Esters of Lymph—Approximately 4 ce. 
of olive oil per kilo of body weight were fed to a dog. Nembutal 
anesthesia was induced 2 hours later, and a cannula introduced 
into the thoracic duct. 100 ce. of alcohol-ether extract were pre- 
pared from 5 ce. of the creamy lymph, and 10 cc. of this extract 
were used in each determination. 25 cc. of the Cu-Hg filtrate 
were oxidized by 0.02 n KMnQ,. The average titrations of the 
unsaponified and saponified fat samples were 24.40 and 18.57 ce. 
of 0.02 n thiosulfate, respectively. Subtracting the reducing 
value of the NaOH used (5.83 — 0.20) and calculating the total 
glycerol content, one obtains 593 mg. per 100 cc. of lymph. The 
alcohol-ether-soluble phosphorus, determined by the Kuttner- 
Lichtenstein procedure (4), was found to be 21.8 mg. per 100 cc., 
consequently equivalent to 65.4 mg. of phospholipid glycerol. 
The neutral fat glycerol, therefore, was 593 — 65, or 528 mg. per 
100 cc.; equivalent to 528 X 9.54, or 5.04 gm., of neutral fat. 
Assuming the fatty acid content of phospholipid to be 72 per cent, 
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and considering the latter as 25 X the alcohol-ether-soluble phos- 
phorus, one obtains 392 mg. of phospholipid fatty acids. The 
total fatty acid content of the extract used for the determinations 
was 5.84 gm. per 100 cc., as determined by Bloor’s method. As- 
suming the absence of free fatty acids, and neglecting the fatty 


ly Normal Dog Fed Oleic Acid 
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Fig. 1. Curve 1, fatty acids (mg. per 100 cc. of lymph; 1 unit equals 100 
mg.); Curve 2, glycerol (mg. per 100 cc. of lymph; 1 unit equals 10 mg.); 
Curve 3, lipoid phosphorus (mg. per 100 cc. of lymph; 1 unit equals 1 mg.). 


acids present as cholesterol esters (there were only 40 mg. of 
esterified cholesterol according to Okey’s (5) method), one finds 
the remaining fatty acids (5.45 gm.) to be equivalent to 5.70 gm. 
of neutral fat. Thus, our result for neutral fat is 12 per cent lower 
than that based on fatty acid determination. 
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Recovery of Added Tristearin—Six 10 cc. portions of the alcohol- 
ether extract of lymph were evaporated on a water bath. Two 
were not saponified; two of these were saponified; exactly 10 mg. 
of tristearin, dissolved in alcohol-ether, were added to each of the 
two remaining flasks. The contents of the latter were also evap- 
orated and saponified. 15 cc. aliquots of the Cu-Hg filtrate were 
oxidized with 0.02 n KMn0Q, and finally titrated with thiosulfate 
of the same strength. The average titration of the unsaponified 
samples was 24.37 cc.; of the saponified samples, 21.0 cc.; and of 
the saponified samples containing added tristearin, 19.8 cc. The 
increase in titration due to the glycerol of tristearin was therefore 
1.20 cc. The glycerol recovery was 1.05 mg.; the calculated, 1.02 
mg. 

Synthesis of Esters Following Ingestion of Fatty Acid—The fol- 
lowing experiment is similar to the one described above, except 
that a fatty acid instead of a neutral fat was fed. This experi- 
ment illustrates in a striking manner the parallelism which exists 
among the total fatty acid, alcohol-ether-soluble phosphorus, and 
fatty glycerol content of lymph (see Fig. 1). It demonstrates 
also the ability of the normal dog to synthesize glycerol and is one 
of a number of such experiments in which the procedure has been 
applied. 

A fasting normal dog was anesthetized with nembutal and a 
cannula introduced into the thoracic duct. A sample of fasting 
lymph was collected, and oleic acid was then given by stomach 
tube. Lymph was collected in 2 hour samples over a total of 10 
hours. The fatty glycerol, fatty acids, and alcohol-ether-soluble 
phosphorus were then estimated. The results, as Fig. 1 shows, 
confirm the older observations of Munk (6) as to the appearance 
in the lymph of fed fatty acids as glycerol esters and demonstrate 
that the glycerol content of such fat is approximately one-tenth 
that of the total fatty acids. 


SUMMARY 


A method has been described which permits the estimation of 
small amounts of fat-soluble ester glycerol. Its application to 
determinations on lymph has been demonstrated. 
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The many studies which have been made of the carbohydrate- 
like reducing substances in normal urine have failed to decide the 
chemical nature of these materials or establish their metabolic 
significance. Largely because of the variety of methods employed, 
different and conflicting interpretations have arisen. For ex- 
ample, Benedict and collaborators (1-4) believe that there is a 
“glycuresis” or excretion of sugar in normal urine intimately 


related to ingestion of food. Folin and Berglund (5) claim that 
the glycuresis represents not utilizable sugar but carbohydrate 
moieties from food rendered unassimilable by processes of cooking 
and baking. Shaffer and Hartmann (6) were unable to find 
measurable amounts of fermentable material in urine, and Hést 
(7) expressed doubt that material removed by yeast was necessarily 
glucose. 

Employing an adequate fermentation technique (8), the HgSO,- 
BaCO; procedure for removing interfering nitrogenous substances 
(9), and the most sensitive Shaffer-Hartmann reagent (10), West 
and coworkers (11) studied the reducing materials in normal urine 
after various diets and demonstrated a fermentable fraction at all 
times, even during fasting. A part, at least, of the fermentable 
material was identified as glucose (12). However, it is not proved 
that the glucose found was not formed by conversion of some pre- 
cursor during the analytical procedures. 

Harding and Selby (13) substituted dilute H,SO, and Lloyd’s re- 


* This study was supported by a grant from Standard Brands, Inc. 
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agent for West’s precipitation technique in preparing urine fil- 
trates. While they confirm most of West’s results and conclu- 
sions, they were unable to show fermentable material in urine after 
fasting. When, however, Harding and Selby (14) employed the 
more acid HgSO,-BaCO; treatment to remove interfering sub- 
stances they had no difficulty in demonstrating fermentable or 
yeast-removable sugar in every urine after fasting examined. The 
possibility is evident that the more acid treatment hydrolyzes 
some non-fermentable precursor. 

In recent studies of the excretion of reducing substances in the 
urines of two normal dogs, maintained solely on diets of breads, 
we have attempted to clarify some of the discrepancies indicated 
above. 


Methods 


Urine filtrates were prepared by the acid HgSO,-BaCO; proce- 
dure of West and Peterson (15). Such filtrates contained 2 to 3 
mg. per cent of nitrogen (Kjeldahl). Because of the sensitive- 
ness of the Shaffer-Hartmann reagent (Reagent 50, containing 1 
gm. of KI per liter (10)), the use of washed filter paper was essential 


to avoid blanks of 0.10 to 0.15 ml. of 0.005 N thiosulfate; centrifu- 
gation is a simpler step. Nearly as large blanks occur if the last 
traces of H.S are not aerated from the filtrates. Washed yeast was 
prepared according to the technique described by Somogyi (8). 
Storage on ice seemed to cause considerable variation in the via- 
bility of the yeast cells, so that sometimes it required $ to 1 hour 
at room temperature for full activity to develop. Accordingly, 
fermentations were carried out for 10 minutes at 38° instead of at 
room temperature, with 0.5 ml. of packed yeast cells per 12 ml. of 
filtrate. Removal of glucose in concentrations up to 35 mg. per 
cent, which was well above the maximum concentration of fer- 
mentable material present, was complete. 

In conformity with the experience of others (16), we have 
observed that any initial maltase activity of fresh yeast suspen- 
sions diminishes rapidly even when the cells are refrigerated. 
Our results upon the fermentable fraction in urine cannot reflect 
any significant maltase effect. 

Hydrolysis of urine filtrates, made approximately 1 N with 
H,SO,, was accomplished by heating on the water bath for 2} 
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hours. Variations in acidity between 0.5 and 2 N are permissible. 
After cooling and making to 50 ml. volume with water the mixture 
was neutralized by dry BaCQs. 

Of the average volume of urine and bladder washings amounting 
to 250 ml., 20 ml. were precipitated with the mercury reagent at 
70 ml. volume. Reducing substances as glucose (1 ml. of 0.005 N 
thiosulfate = 0.114 mg. of glucose) were determined in duplicate 
on 5 ml. portions of the filtrate. Titrations usually agreed to 
within 0.03 to 0.05 ml. of thiosulfate. 

The urine was obtained from two normal female dogs by cathe- 
ter. There was no evidence of urinary tract infection. All urines 
were acid to litmus except during the first post-feeding period. 

Observations on the Nature of Reducing Substances in Urine— 
Urine filtrates prepared by the West procedure are usually slightly 
acid to phenol red, requiring 5 to 6 drops of 0.2 n NaOH for neu- 
tralization before addition of the copper reagent. It was observed 
on a number of occasions that when the slightly acid filtrates had 
been kept on ice for 5 to 6 days for a check analysis, there occurred 
a small increase in total reducing material which could be ac- 
counted for by a rise in the fermentable fraction. This behavior 
suggested the possibility of a mild hydrolysis either of the non- 
fermentable reducing fraction or of some non-reducing complex. 
Inasmuch as West’s HgSO, reagent is strongly acid (10 per cent 
H,SO,), it would seem possible that some part of the so called 
fermentable fraction of urine is formed by hydrolysis during prepa- 
ration of the filtrate. To test this hypothesis the time of contact 
of urine with the acid precipitating reagent was varied. Results 
of two such experiments are shown in Table I. An increase of 
over 50 per cent in the fermentable value has occurred in the urine 
sample exposed for 25 minutes to the acid HgSO, before neutraliz- 
ing. While such prolonged exposures may not occur in routine 
practise, the tendency shown raises the question whether appre- 
ciable hydrolysis of more labile precursors may not occur so rapidly 
as to introduce unavoidable errors in results obtained by this 
method. 

Further information upon this question has been obtained by 
comparative fermentations of urine before and after treatment 
with the mercury reagent. The data in Table II indicate that 
fermentation of urine before precipitation yields values for the 
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fermentable fraction which are slightly, but uniformly, lower than 
those obtained from fermented filtrates. This difference is sus- 
ceptible of at least two interpretations: (1) An interfering sub- 
stance in urine prevents complete action of the yeast. (2) Acid 


TaBie I 
Variations in Reducing Substances in the Filtrates of a Sample of Urine 
Allowed to Remain in Contact with the Acid Precipitating Reagent for 
Different Lengths of Time before Neutralization with BaCO, 





Reducing substances per 100 


ml. urine 
Treatment of sample 





Non-fer- | Ferment- 
mentable able 





mg. 
Dog 1 
Neutralized immediately 
- after 10 min 
“ “ 25 “ 
Dog 2 
Neutralized immediately 
’ after 10 min 
“ “ 20 “oe 














TaBLe II 


Comparison of Values for Fermentable Material in Urine before and after 
Precipitating the Urine with Acid HgSO,-BaCO; 





Fermentable material, mg. per cent 





Urine No. 
Fermented filtrate Filtrate of Fermented filtrate 
of urine fermented urine of fermented urine 





1 15.8 17.0 
2 21.5 24.3 
5 11.1 13.5 
2 12.8 15.5 














precipitation of urine forms extra fermentable material by hydroly- 
sis. The first suggestion is discounted by the fact that in control 
experiments glucose added to urine is completely removed, al- 
though this evidence involves the assumption that the “ferment- 
able’ material belonging to the urine is glucose. The second ex- 
planation is supported by our finding (Table II) that fermentation 
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of a filtrate of fermented urine discloses further small quantities of 
yeast-removable material, the sum of the two values corresponding 
more closely to that obtained in the single fermentation of the 
ordinary filtrate. According to Van Slyke and Hawkins (17) this 
observation can be taken to mean that repeated action by yeast 
removes non-fermentable material. These investigators deter- 
mined the reducing substances with ferricyanide in urine filtrates 
cleared with Lloyd’s reagent. This oxidizing reagent is admittedly 
more powerful than copper and therefore likely to detect yeast- 
absorbable substances not ordinarily affected by the copper re- 
agent. Harding and Selby (13, 14) using the Shaffer-Hartmann 
reagent found that repeated action of yeast in filtrates of urine 
cleared by Lloyd’s reagent did not indicate further apparent re- 
moval of fermentable material. Nor did West and Peterson (15) 
note absorption of non-fermentable substances when using varying 
quantities of yeast in urine filtrates prepared by use of their mer- 
cury reagent. 

Experiments designed to determine optimum time for hydrolysis 
have led to some observations on the nature of the hydrolyzable 
substances in urine. Fig. 1 represents four experiments in which 
changes in total reducing value and in fermentable and non-fer- 
mentable fractions have been plotted against time of hydrolysis. 
In agreement with West et al. (11), the increase in the fermentable 
value accounts practically completely for the total rise, very little 
change occurring in the non-fermentable values. These relations 
have led the above authors to assume that the hydrolyzable ma- 
terial is not the non-fermentable but a non-reducing polysac- 
charide. Our results offer a basis for speculation upon the mecha- 
nism of hydrolysis of this hypothetical unknown substance. The 
following schema is presented. 


Substance X (non-reducing, non-fermentable) 
Hydrolysis 

Substance Y (reducing, non-fermentable) 
Hydrolysis 


End-product (reducing, fermentable) 
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If hydrolysis from substance X to substance Y proceeds more 
rapidly and more readily than hydrolysis of substance Y to end- 
product, there should occur during the first period of hydrolysis a 





























Fia. 1. Change in total (—), fermentable (—), and non-fermentable 
(=) reducing substances upon hydrolyzing for varying lengths of time. 


rise in the non-fermentable fraction due to accumulation of sub- 
stance Y. Such increase in non-fermentable values is clearly 
defined in each of the experiments of Fig. 1, and has been observed 
consistently in other experiments not here presented. As hydrol- 
ysis proceeds, substance Y is completely hydrolyzed and the non- 
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fermentable fraction now decreases to its original level. In some 
urine filtrates it has been noted that prolonged hydrolysis decreases 
the amount of non-fermentable substance originally present. 
Such a case is illustrated in Fig. 1, and is taken to mean that hy- 
drolysis of non-fermentable substances not originating from sub- 
stance X can also occur. It must be pointed out, however, that 
such a reaction usually is accompanied by a decrease in total caused 
by destruction of reducing material. Products of hydrolysis in 
urine filtrates, while coming presumably from two sources, have 
been taken in these and subsequent studies to come in largest part 


Tase III 
Effect of Varying Concentrations of Precipitating Reagent upon the Reducing 
Substances and Residual Nitrogen of Urine Filtrates 

















5 Reducing substances in urine, mg. per cent 
gle Total Non-fermentable Fermentable Residual 
3/5 N in urine 
8 Change Change Change filtrates 
= E Original | },, drol y- | Original hydroly- Original hydroly- 
= sis SIs S18 
a mg. per cent 
10:15 29.0 | +12.2]| 25.5 —4.6 3.5 4915.8 2.62 
20:15 28.4 +9.0 24.5 —4.0 3.9 +13.0 4.90 
30:15 29.8 +8.7 | 25.7 —4.1 4.1 +12.8 42.60 
50:15 30.9 +9.3 | 26.5 —2.4 4.4 +11.7 98.60 
10:15 34.0 | +22.2)| 25.4 +4.1 8.6 +18.1 2.46 
60:10 42.8 | +24.2| 33.5 +5.5 9.8 +18.7 | 120.0 


























from substance X. In routine practise we have taken 2} hours as 
time enough to effect hydrolysis of substance X more or less com- 
pletely without attacking other non-fermentable substance orig- 
inally present or causing appreciable destruction of total. 

In an attempt to determine whether the hydrolyzable sub- 
stances in urine filtrates are nitrogenous compounds, advantage 
was taken of the fact that when urine is precipitated in progres- 
sively increasing ratios of urine to the mercury reagent, a concomi- 
tant rise in residual nitrogen occurs in the filtrates. While urea 
accounts for a large part of this increase, uric acid, creatinine, and 
other substances which may contribute to the non-fermentable 
fraction also increase. Accordingly, we have determined changes 
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in total, non-fermentable, and fermentable values caused by hy- 
drolysis in each of a series of filtrates of increasing residual N con- 
tent. Data in Table III show that the hydrolyzable increment is 
not affected in filtrates containing excessive quantities of residual 
N, even though the total reducing material reflects to some extent 
the presence of these nitrogenous materials. We have, thus, 
evidence of an indirect nature that the material in urine whose 
hydrolysis yields extra fermentable reducing substances is not of 
nitrogenous origin. 


SUMMARY AND CONCLUSIONS 


1. Evidence is presented to show that at least a part of the fer- 
mentable sugar of dog urine may be formed by hydrolysis of non- 
fermentable precursors induced by acid precipitating reagents. 

2. The hydrolyzable fraction in dog urine appears to be of non- 


nitrogenous nature. 
3. The non-fermentable fraction of dog urine contributes little 


or none of the hydrolyzable material. 
4. In most cases, practically all of the hydrolyzed fraction is 


fermentable. 
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NEW FORMED HEMOGLOBIN AND PROTEIN CATAB- 
OLISM IN THE ANEMIC DOG 
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In a previous publication (1) we reported that the anemic dog 
during protein starvation periods is able to produce much new 
hemoglobin (50 to 75 gm.). This reaction is enhanced by adminis- 
tration of iron and the output of new hemoglobin may reach a 
total of 100 to 150 gm. as the result of a 2 weeks fast. It is obvious 
that with zero protein intake this new hemoglobin must be derived 
from the dog’s body proteins—“body proteins” as used here in- 
cluding plasma, tissue, hemoglobin, muscle, and organ proteins. 
It was emphasized that during these fasting periods in the anemic 
dog there was conservation of nitrogenous material which in the 
control non-anemic dog contributes to the nitrogen in the urine. 
This conservation of nitrogenous material gives a conspicuous 
change in the urea-ammonia fraction which falls much below the 
non-anemic control levels. 

This conservation of nitrogen will account for about half the new 
formed hemoglobin. It is proper to speculate as to the source of 
the rest of the new hemoglobin contributed to the blood stream. 
It is possible that other body proteins in this emergency may con- 
tribute to the production of the needed hemoglobin. It has been 
noted (2) that during fasting periods the dog can be maintained in 
nitrogen balance by intravenous injection of dog plasma, and the 
evidence is strong that the introduced plasma proteins are used to 
replace or repair body proteins which are wasted during fasting 
periods. It is possible, therefore, that the plasma proteins in an 
emergency may contribute to the formation of new hemoglobin in 
anemia. 

Since a part of the new formed hemoglobin appears during the 
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salmon-bread after period, it is possible that there is an important 
additional contribution to the make-up of hemoglobin coming 
from the salmon-bread. We allow the established control value 
of 8 gm. of hemoglobin per week for the salmon-bread base-line 
in this dog. 

When the standard anemic dog is fed the basal salmon-bread 
ration for weeks or months the output of new hemoglobin which is 
removed week by week to maintain the anemia level will remain 
relatively constant. When this basal bread feeding is interrupted 
by a 2 weeks fast we find a distinct increase in the hemoglobin out- 
put above the basal level (50 to 75 gm. of new hemoglobin). This 
excess of new hemoglobin must be derived from the host’s protein 
which because of the months of preceding salmon-bread diet was 
presumably derived from this bread ration. The salmon-bread 
ration built up body protein which during a fasting period is 
broken down with careful conservation of materials useful for new 
hemoglobin construction. The body can utilize its own protein 
more efficiently to build new hemoglobin than it utilizes food pro- 
tein material directly. In other words the body can build hemo- 
globin more successfully from the basal diet if it builds body pro- 
teins first which during fasting are broken down, fragments being 
saved for the emergency production of hemoglobin. The body in 
experimental anemia can form more or less hemoglobin from this 
standard salmon-bread depending upon its pathway in internal 
metabolism. 

It might be argued that from diets of animal protein fed months 
previously a store could accumulate within the body which would 
explain this surplus hemoglobin production under the stress of 
protein fasting. To answer this objection we used a dog which 
from weaning had never received any mammalian protein. The 
dog had been in the anemia colony, continuously anemic for 
over 5 years, and no hypothetical reserve relating to animal pro- 
tein could be present. This dog had remained active and healthy 
on a diet of salmon-bread alone during these years, much to our 
disappointment, as we wished to produce a type of deficiency 
anemia which might resemble pernicious anemia or the hyper- 
chromic anemias of man. It will be seen in Table I-A below that 
this dog reacts as other anemic animals and produces a consider- 
able surplus of new hemoglobin during protein fasting periods 
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We may safely assume that all of this dog’s body protein had been 
built from salmon-bread, but when these body proteins are broken 
down in a fasting emergency, we observe an excess production of 
new hemoglobin. The body builds hemoglobin more efficiently 
from salmon-bread when first it constructs body proteins and from 
that protein store derives hemoglobin rather than through the 
usual metabolic pathway of salmon-bread digestion products 
direct to hemoglobin. 

While catabolized nitrogenous material is being conserved for 
the fabrication of new hemoglobin in anemia the figure for total 
urinary nitrogen obviously cannot serve as even an approximation 
of endogenous protein catabolism. We turned hopefully to sulfur 
as a possibly better measure of total nitrogenous metabolism but 
we found that during the fasting periods when hemoglobin was 
being produced there was a surprising diminution in 8 output. 
The ratio of N to S is considerably greater in hemoglobin than in 
many tissue proteins or in the urine of the fasting dog. We can- 
not explain the S retention on the basis of new hemoglobin produc- 
tion whereby some but not all of the retained S can be accounted 
for. Probably this indicates some unappreciated interchange of 
protein materials within the internal protein metabolism. An 
understanding of the mechanism of this S decrease is not yet at 
hand but we feel it will prove to be of fundamental significance. 

In our earlier publication (1) it was suggested that the anemic 
dog might have a more active nitrogen metabolism than the nor- 
mal non-anemic dog. In Table II below it is observed that ex- 
cept for individual variation the same dogs when anemic or non- 
anemic present the same grade of nitrogen metabolism as indicated 
by total urinary nitrogen output. 


Methods 


All dogs used in these metabolism experiments were active, 
healthy animals belonging to our anemia colony. Their histories 
are complete from birth. The periods of fasting or sugar feeding 
with or without iron were well tolerated and the dogs were in good 
condition at the time of termination of the experiments. 

During the metabolism experiments the dogs were kept in 
galvanized iron metabolism cages in the laboratory and were under 
the constant observation of the experimenter. Each dog was 
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made to fast 3 days in order to lower the nitrogen excretion ap- 
proximately to the fasting level. The dog was then given daily 
75 gm. of glucose in 200 to 300 cc. of water by stomach tube. The 
last day of fasting and 6 days of sugar feeding comprise what we 
refer to as the Ist week of the experiment. Further information 
concerning the details of these metabolism experiments is included 
in the previous publication (1). 

With reference to the experimental anemia our general program 
has been outlined in a paper of the anemia series (3). Various 
important points there discussed need not be reviewed here. We 
refer to this publication for experimental details including care 


TaBLe I 


Hemoglobin Construction and Decrease in Urinary Nitrogen Due to Anemia 
and Iron Feeding (Dog 27-238) 





Days : Creati- 
on ex- Urea N + Creati-| Crea- | nine N | Uric 

peri- | i NH;N nine N + crea- | acid N 
ment tine N 





mg. per | mg. per mg. per|mg. per b mg. per 
wk. wk. wk. wk, | Per cont c wk. 


19,410) 15,040) 77.5) 1080 | 340 7.4 1270 | 15.2 
11,820) 7,840) 66.3) 920 | 430 | 11.4 580 | 20.4 
14,710; 9,820) 66.8) 790 | 870 | 11.3 880 | 16.6 
11,970} 7,710) 64.4, 620 | 740 | 11.4 1200 | 10.0 



































Net hemoglobin production 78 gm., equivalent to 13.3 gm. of nitrogen. 
Undetermined N—first period = 2880; second = 2590; third = 3210; fourth 
= 2880 mg. per week. 


of animals, dietary regimen, production of experimental anemia, 
and computation of hemoglobin formation. Salmon-bread made 
in the laboratory contains canned salmon, wheat bran, wheat 
flour, potato starch, sugar, canned tomatoes, cod liver oil, yeast, 
and a salt mixture. Its preparation has been carefully described 
(3). 

These dogs were raised in our kennels and are normal and 
healthy in this environment. They are not disturbed by the 
usual experimental procedures. 

It is important to remember that these anemic animals have 
been in a condition of sustained anemia for many years. A hemo- 
globin level of 40 to 50 per cent or one-third of their normal has 
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been constantly maintairied by blood removal. During the 
metabolism experiment we usually observed marked plasma vol- 
ume concentration with a resulting apparent higher hemoglobin 
level. The dog was subjected to very careful blood removal or 
was not bled at all during the period of this plasma concentration. 
Hemoglobin was, of course, withdrawn during the subsequent 
salmon-bread feeding period following the metabolism experiment 


TaBLe I-A 
Hemoglobin Construction in Anemia with Iron and Sugar Feeding 
Dog 27-238, coach mongrel, female, adult. 





Food ~~ R.b.c. | Blood | Hb re- 


con- .b.c. | hema- moved, 
sumed volume tocrit bled 


Diet periods, 1 wk. each 
Food, gm. per day 





per cent \ ce. il. |per cent 
Br. 250, sal. 150, KI. 50*...) 100 ‘ 19.4; 43 


Ghasee FSi 0s 5 . 26.2) 62 


Fe 0.4, glucose 75 R . 28.7 | 67 
“¢&¢ , ‘ . 28.7 | 67 


Br. 350, sal. 125, Kl. 50....; 100 | 11.2 d 25.9 | 60 1 
“ 350, “ 125, “ 5O....; 100 | 12.2 . 23.3 | 58 5 
“ 350, “ 125, “ 5O....| 100 | 13.1 : 20.0 | 46 3 


























Total hemoglobin production = 99 gm. Net iron and fasting effect = 
99 gm. — 24 gm. basal output + 3 gm. hemoglobin level correction = 78 gm. 
hemoglobin. The abbreviations in the diet column represent the following: 
br. = bread, sal. = salmon, and Kl. = Klim, 

* Cod liver oil, 20 ce. daily. 


when plasma volume figures indicated a gradual return to their 
normal anemic level. 


EXPERIMENTAL 


Metabolism data are recorded in Tables I and II. Observa- 
tions concerning the anemia and hemoglobin formation during an 
experimental period are recorded in Table I-A. 

Tables I and I-A present data concerning Dog 27-238 during a 
heavy iron feeding period preceded and followed by sugar feeding. 
Ferric citrate sufficient in amount to contain 400 mg. of Fe was 
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administered daily with the glucose during the 2nd and 3rd weeks 
of the experiment. 

The animal was chosen for this experiment because of its special 
dietary regimen since birth. It has received no mammalian pro- 
tein but only fish, grain, and yeast proteins. Salmon protein has 
been demonstrated to be one which permits of only minimal hemo- 
globin regeneration by the anemic animal. It is extremely un- 
likely therefore that this dog had any large reserve of material 
which could be used for hemoglobin production. Yet under the 
influence of protein starvation and Fe salt feeding, 78 gm. of hemo- 
globin were manufactured. 

The computation of the total new hemoglobin due to the fasting 
period is somewhat different from that used in our preceding paper 
(1). This dog standardized over many weeks on the salmon-bread 
ration showed an output of 8 gm. of hemoglobin per week. We 
therefore deducted 24 gm. of hemoglobin due to the 3 weeks sal- 
mon-bread diet following the fasting period from the total hemo- 
globin removed during the fasting and salmon-bread feeding 
periods. An allowance is made for the difference in hemoglobin 
levels at the beginning and end of the experiment (3 gm.). Hemo- 
globin 99 — 24 + 3 = 78 gm. 

There is observed a large decrease in urinary nitrogen excretion 
during the 2nd week of the experiment, chiefly in the urea and 
ammonia fraction. We have noted this phenomenon in each 
experiment of this type and have suggested that it indicates a 
conservation of nitrogenous intermediates which the body utilizes 
for hemoglobin manufacture. The increase in nitrogen excretion 
from the 2nd week to the 3rd is unusual and the figure of 78 gm. 
for hemoglobin production is somewhat lower than in previous 
experiments cited. Nevertheless it must be said that funda- 
mentally this animal reacted as have other anemic dogs to protein 
starvation and iron salt feeding, despite the fact that the dog had 
never received any mammalian protein since weaning. 

Table II gives a comparison of the total urinary nitrogen of 
dogs in the anemic condition with that of the same dogs in the non- 
anemic state. Six young adult dogs of one litter and two of 
another litter were rendered anemic and their potential hemoglobin 
reserves were exhausted by a 6 to 8 weeks bleeding period. As 
soon as stable base-line levels (45 to 50 per cent hemoglobin) were 
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reached, the first metabolism experiments were carried out. 36 
weeks later, when the animals might be considered to be physio- 
logically adjusted to the low level of hemoglobin, a second series 
of experiments was performed on six of the dogs. The eight ani- 
mals were then allowed to regain a normal hemoglobin level (130 


Taste II 
Urinary Nitrogen in Anemia Compared with Normal State 





Urinary N N:8 ratio E Weight loss 
Anemia duration Weight | ____ 
Anemic | Normal |Anemic| Normal Anemic| Normal 








mg. per wk. [ kg. ¥ kg. 


At start 19,910 13.5 .22 | 0.82 
After 36 wks. | 22,270 


At start 14,000 15.8 .79 | 0.94 
After 36 wks. | 18,990 f 


At start 17 ,640 15.2 
After 6 wks. | 20,570 
2. # 18 ,830 


At start 20 ,410 
After 36 wks. | 21,410 


At start 16, 240 
After 6 wks. | 16,060 
S 19,290 17.3 


At start 16,280 | 23,260 : 12.08 
After 36 wks. | 22,190 13.0 


33-11 | At start 12,640 | 11,860 | 16.0 10.52) 0. 0.74 


























a. . 13,220 | 13,290 | 13.1 | 11.3 | 11.74) 0.82 | 0.74 





to 150 per cent hemoglobin) while on a mixed kennel ration, and 
further experiments were conducted. In each of these metab- 
olism experiments, the dog fasted 3 days, then 75 gm. of glucose 
were given daily for the remaining 6 days of the experiment. The 
last day of fasting was included, as usual, in the week of urine 
collection. Catheterization began and ended each experiment. 
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The figures show that the amount of nitrogen excretion by an 
individual animal varies from experiment to experiment. We are 
not convinced, however, that there is any correlation between 
these variations and the recorded changes in the blood picture. 


DISCUSSION 


During the period that an anemic animal undergoes protein 
starvation, it loses weight and there is a negative nitrogen balance; 
after the completion of the experiment the animal returns to its 
former weight on a diet of salmon-bread with a positive nitrogen 
balance. The dog regenerates during the period of protein starva- 
tion and the after period of salmon-bread feeding a very much 
larger amount of hemoglobin than is formed during a period of 
equal length in which salmon-bread is fed daily. Yet the ultimate 
source of the nitrogenous material used in the production of hemo- 
globin seems to be salmon-bread in both cases. The difference 
appears to be that in one case this material comes directly and 
daily as a food supplied to the body, while in the other a consider- 
able portion comes only indirectly from food and directly from the 
catabolism of body protein. This difference in the metabolic path 
seems to be of great importance in regard to the utilization of this 
material by the animal body. 

It is interesting to speculate as to the fundamental nature of 
this difference which for convenience we refer to as occurring in 
“the metabolic path.” The possibility that larger fragments of 
body proteins than amino acids might be exchanged between 
various body proteins and therefore utilized directly for hemoglo- 
bin manufacture naturally presents itself. It is possible also that 
the ratio of certain amino acids, one to another, is of importance. 
That is, changing the proportions of the amino acids in a mixture 
coming to the liver might alter materially the subsequent fate of 
those amino acids and even change the mature protein form which 
subsequently emerges. 

During protein fasting with sugar alone and no iron by mouth 
we observe a production of hemoglobin above the basal ration 
control level. Iron is obviously needed to make new hemoglobin 
and in this experiment the iron must come from body stores. 
Can these iron stores be reduced to a point at which the body is 
incapable of building new hemoglobin, and what will be observed 
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in the nitrogen partition and urinary sulfur under these conditions 
of extreme stress? We hope to answer these questions in subse- 
quent publications. 

The data concerning the comparative levels of nitrogen metab- 
olism in the anemic and non-anemic dog need little comment. 
Contrary to our preliminary observation there seems to be no 
significant difference in these levels, as measured by urinary nitro- 
gen excretion. The physiological variation of a single animal 
seems to be sufficient to account for the earlier observation. Some 
of the figures obtained after prolonged anemia are greater than 
those secured at the beginning of the anemic period but there is 
not entire uniformity. Further data are needful before final con- 
clusions may be drawn. 

There has been much discussion as to what physiological factors 
determine the magnitude of nitrogen metabolism during protein 
starvation particularly when the animal’s energy needs are not met 
by the food intake. 

Let us consider two experiments with anemic Dog 24-59, dis- 
cussed in detail in a previous publication (1). The figures are as 
follows: 





Experiment 1 Experiment 2 








Fe intake 


Total N 


Fe intake 


Total N 





Ist 
2nd 
3rd 


gm. per wk. 
0 
0 
0 


gm. per wk. 
28.42 
18.76 
18.24 


gm. per wk. 
0 


2.8 
2.8 


gm. per wk. 
27.97 
17.77 
13.19 

















Between the nitrogen figures for the 3rd weeks of the two experi- 
ments, there is a difference of 5.05 gm. With Rubner’s figure of 
4.10 calories per gm. of protein, this represents about 125 calories. 

The supply of exogenous food in the two experiments was the 
same. Either the heat production of the animal was lower in the 
second experiment than in the first or else some other endogenous 
food material, presumably fat, was substituted for the protein. 
It is true that it would require only about 2 gm. of fat per day to 
supply 125 calories in a week. This would be substitution of a 
ketogenic for an antiketogenic material. 
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The apparent great conservation of sulfur is intriguing. The N:S 
ratio in hemoglobin is materially greater than that found in tissue 
proteins or in the urine of fasting animals. During the conserva- 
tion of material for hemoglobin manufacture, therefore, we might 
expect the urinary N:S ratio to decrease. Instead it greatly in- 
creased, a maximum of almost 25 having been reached about the 
end of the Ist week of Fe administration. During the next suc- 
ceeding week the excretion of nitrogen increased somewhat and 
the excretion of S much more, thus lowering the urinary N:S ratio. 
Presumably the conserved sulfur was in the form of essential S-con- 
taining amino acids and the phenomenon relates to the construc- 
tion of the large globin molecule. This may point to unknown 
exchanges of sulfur-containing aggregates between body proteins 
during the emergency period of fasting and new hemoglobin 
production. 


SUMMARY 


There is no significant difference between the figures for total 
urinary nitrogen in the anemic and non-anemic dog. 

The anemic dog produces less new hemoglobin when salmon- 
bread is fed daily than when a period of protein fasting is followed 
by a period of salmon-bread feeding. It seems that in both in- 
stances the nitrogenous material for new hemoglobin comes di- 
rectly or indirectly from salmon-bread. More hemoglobin results 
when the dog builds body protein first and then breaks this pro- 
tein down in a fasting period with conservation of nitrogenous ma- 
terial to form new hemoglobin. Therefore the amount of new 
hemoglobin produced is determined by “the metabolic path” 
followed by the hemoglobin building material. 
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The investigations of our laboratory on the structure of the 
cardiac glucosides and aglucones have been presented in a series 
of papers during the past 12 years. Although the view has been 
expressed by a number of workers that a relationship in structure 
probably exists between the cardiac aglucones and the sterols, with 
the exception, however, of the fact that they are, like the sterols, 
saturated tetracyclic derivatives, this has until recently been 
mere conjecture. From the interpretation of the experimental 
data gradually accumulated first with strophanthidin and then 
with periplogenin, digitoxigenin, and gitoxigenin, their exact inter- 
relationships were shown and conclusions were drawn which led 
us to adopt a tentative partial picture of their structures as given 
in Formulas I to IV.! 

However, the more recent developments and in particular the 
isolation of methyl cyclopentanophenanthrene as a product of the 
dehydrogenation of strophanthidin? and uzarigenin*® cast doubt on 
the validity of these formulations and indicated that, in so far as 
the production of Diels’ hydrocarbon can be considered a char- 
acteristic of the sterol ring system, strophanthidin and related 
substances must be built on such a system. There remained, 
however, an apparent difference in regard to the position to be 
assigned the aldehyde group of strophanthidin or the correspond- 
ing methyl group of the other aglucones. Whereas in the sterol 


1 Jacobs, W. A., Physiol. Rev., 13, 239 (1933). * Jacobs, W. A., and Elder- 
field, R. C., J. Biol. Chem., 100, 676 (1933). 

? Elderfield, R. C., and Jacobs, W. A., Science, 79, 279 (1934); J. Biol. 
Chem., 107, 143 (1934). 

® Tschesche, R., and Knick, H., Z. physiol. Chem., 222, 58 (1934). 
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formulas the methyl groups (except those of the side chain) have 
been shown to be joined to quaternary carbon atoms, three and 
possibly four different sets of observations in the study of strophan- 
thidin had indicated that the aldehyde group is attached to a CH 
group contained in a 6-membered ring (Ring I) as follows: (1) the 
formation of trianhydrostrophanthidin‘ by loss of water appar- 
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ently from the lactol form of dianhydrostrophanthidin with loss 
of aldehydic and OH group functions and the development of 
properties indicating a benzenoid structure ;* (2) the isomerization 
by alkali of a-isostrophanthidic acid‘ in which the aldehyde group 
appeared to be trans to hydroxyl III to §-isostrophanthidic acid 
apparently of cis configuration (the explanation for this transfor- 
mation was assumed to be the usual enolization of a CO group 
* Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 74, 795, 805 (1927). 


‘ Elderfield, R. C., and Rothen, A., J. Biol. Chem., 106, 71 (1934). 
* Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 74, 829 (1927). 
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attached to a CH group); (3) the nitroprusside reaction exhibited 
by undephanthontriacid dimethyl ester’ (a 8-ketonic ester) proved 
to be negative in the case of the corresponding undeplogondiacid 
monomethyl ester and duodephanthondiacid dimethyl] ester.* 


CH; 
“\ | peer 
or ( | COOH COOH 


AA) 
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HOCH | 
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COOH 
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VII 


by a, Uy 


Finally, the oxidation of the A*-7-unsaturated lactone side chain 
of trianhydrostrophanthidin to carboxyl with loss of 3 carbon 
atoms* indicated the attachment of this lactone side chain by its 


7 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 92, 329 (1931). 
* Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 79, 548 (1928). 
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8-carbon atom (from the study of the iso compounds) to the same 
6-membered ring (Ring I) to which the aldehyde group is attached. 

Recent studies which are the subject of the present paper 
definitely show that different explanations must now be given for 
the above observations. These studies have already been pub- 
lished in preliminary form elsewhere.’ With the purpose of ob- 
taining further evidence in regard to the position and mode of 
attachment of the unsaturated lactone side chain a number of 
procedures have been attempted. In one of these we have started 
with y-digitoxanoldiacid’ (V), a substance already described by 
us.“ On oxidation of its secondary alcoholic group with chromic 
acid digitoranondiacid, C2,H,O;, was obtained. By reduction 
according to Clemmensen this was converted into the saturated 
dibasic acid, digitorandiacid, Cz,H yO, (VI). This acid was then 
treated by the method used by Wieland, Schlichting, and Jacobi" 
for the degradation of cholanic ester and which we have already 
employed for a similar object in the degradation of dephanthanic 
trimethyl ester to dephanthic acid.'* Conversion of the dimethyl 
ester of digitoxandiacid with Grignard’s reagent into the bis-diphenyl 
carbinol (VII) and oxidation of the latter resulted in a saturated 
monobasic acid, CooH,0, (VIII). The properties of this acid at 
once suggested identity with etiocholanic acid obtained by Wie- 
land, Schlichting, and Jacobi from cholic acid. Our acid melted 
at 219-219.5°. Etiocholanic acid (according to Wieland, Schlicht- 
ing, and Jacobi) melts at 219°. The methyl ester of our acid melted 
at 99-99.5°. Wieland, Schlichting, and Jacobi reported 98-99° 
for etiocholanic methyl ester. Our ethyl ester melted at 77.5-78.5°. 
Etiocholanic ethyl ester was reported to melt at 78-79°. Through 
the kind cooperation of Professor Wieland we have been able to 
make a direct comparison of the melting points of the methyl and 
ethyl esters from both sources. Each pair of substances as well 
as mixtures of the corresponding esters behaved identically in the 


* Jacobs, W. A., and Elderfield, R. C., Science, 80, 434, 533 (1934). 
1° Tn view of our later discussion it is possible that the designation 7 may 
be unnecessary. 
1 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 86, 215 (1930). 
#2 Wieland, H., Schlichting, O., and Jacobi, R., Z. physiol. Chem., 161, 
80 (1926). 
8 Jacobs, W. A., and Elderfield, R. C., J. Biol. Chem., 102, 237 (1933). 





W. A. Jacobs and R. C. Elderfield 501 


melting point apparatus. Their identity was further confirmed 
by the comparison of the rotations of the ethyl esters. 

Shortly after the publication of our first preliminary paper in 
regard to this degradation a preliminary article of Tschesche“ 
reached us, which contained a report of a similar degradation of 
another aglucone, uzarigenin. Tschesche” had previously con- 
verted dianhydrouzarigenin by the usual procedures successively 
by hydrogenation, then oxidation with chromic acid, and subse- 
quent reduction according to Clemmensen, into isomeric saturated 
lactones, CosHsO2. One of these, the so called a:-lactone, proved 
to be identical with octahydrotrianhydroperiplogenin on compari- 
son with material which we had sent to Tschesche at his request. 
In the recent preliminary paper Tschesche has reported the oxida- 
tion of this a-lactone to the saturated dibasic acid, C23H3s0,, which 
is therefore isomeric with the digitoxandiacid described above. 
By the same procedure employed by us for the above degradation 
of the latter, Tschesche has also degraded his dibasic acid to an 
acid, CxH3:0.. This, however, proved to be not identical with 
etiocholanic acid but appeared from the melting points of the acid 
and its ester to be identical with an etioallocholanic acid which 
Tschesche specially prepared by degradation of hyodesoxycholic 
acid. 

These results thus complement each other and bring confirma- 
tion in regard to the identities of the degradation acids simul- 
taneously obtained in both laboratories. Thus, for the first time 
conclusive evidence has been secured that the cardiac aglucones 
possess the sterol ring system. At the same time, it is also con- 
clusively shown that the unsaturated lactone side chain of these 
aglucones is coincident with that of the sterol side chain. All of 
the remaining carbon atoms of the cardiac aglucones are thus 
superimposable on those of the sterol system. 

A revision of the formulas of strophanthidin and related aglu- 
cones which we had tentatively favored now becomes necessary. 
According to the structure of the sterols now generally accepted, 
there is no place for the aldehyde group of strophanthidin except 
attached to a quaternary carbon atom. In consequence of this 


“ Tschesche, R., Angew. Chem., 47, 729 (1934). 
% Tschesche, R., Z. physiol. Chem., 222, 50 (1933). 
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and because of the nature and interrelationships of the groups 
established by our previous work with strophanthidin, periplo- 
genin, digitoxigenin, and gitoxigenin, there emerges but one satis- 
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factory set of structural formulas for these aglucones, as given in 
Formulas IX to XII." 

At this point recapitulation of the evidence which leads to these 
formulas may be profitably presented. In the case of strophan- 
thidin and therefore of periplogenin, one of the three hydroxyl 
groups (OH™) has been shown to be secondary, while the remain- 
ing two (OH" and OH") are tertiary. This secondary hydroxyl 
group which is common also to digitoxigenin and gitoxigenin must 
be situated on a 6-membered ring. This ring must be terminal 
(Ring A) in order to explain the series of degradation reactions 
beginning with anhydroisostrophanthonic dimethyl] ester in which 
this hydroxyl group has been changed to carbonyl.'’ The oxida- 

1* These formulas have been also proposed by Tschesche,"* on the basis 
of our older work and such a formula for strophanthidin has been discussed 
among others by Kon (J. Soc. Chem. Ind., 68, 593, 956 (1934)) on the sup- 
position of the presence of the sterol skeleton in this substance. 


17 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 79, 539 (1928). 
Jacobs, W. A., and Elderfield, R. C., J. Biol. Chem., 102, 237 (1933). 
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tion of anhydroisostrophanthonic dimethyl ester to undephan- 
thontriacid dimethyl] ester occurs with loss of a C atom belonging 
to this ring, as given in Formula XIII. After conversion of the 
latter ester by the series of steps leading through duodephan- 
thondiacid to the saturated tribasic acid, dephanthanic acid (XIV), 
the latter in turn was degraded to dephanthic acid (XV) with loss 
of another CH; group of this ring and the formation of a new car- 
boxyl group. Thus, these reactions require the presence of three 
consecutive secondary carbon atoms belonging to one ring only, 
thus restricting the secondary hydroxyl group to Ring A. It 
must occur in this ring either in the order CH.-CHOH-CH, or 
—CH-OH-CH;-CH.—. Although the latter arrangement is the 
one originally adopted by us for the reasons given in our earlier 
work, the first arrangement now becomes the only tenable one for 
the following reason. As previously shown from the lability of the 
tertiary OH" after oxidation of OH'™ to carbonyl (in a-isostro- 
phanthonic ester),'* these two groups must be on 1,3 carbon 
atoms. Carbon atom (5) therefore becomes the only possible 
position for the tertiary OH" and it follows that OH'™' must be on 
carbon atom (3) as in the case of cholesterol. 

Further, since the aldehyde group of strophanthidin must now 
be placed on a quaternary carbon atom, only carbon atom (10) and 
not (13) fits the special requirements of the accumulated evidence. 
In the first place, this aldehyde group must be in reactive prox- 
imity to OH™ as established by the study of many substances in 
which an oxidic bridge between these groups has been shown, for 
example §-isostrophanthidic acid,'* a lactol between the aldehyde 
and OH"™ (XVI), or of its oxidation product §-isostrophanthic 
lactone acid (XVII), where lactonization has occurred. In the 
second place, the aldehyde group on carbon atom (10) and not (13) 
would permit the degradation of isostrophanthic acid through un- 
dephanthontriacid dimethyl ester to duodephanthondiacid. In 
addition, placing the aldehyde group on carbon atom (13) would 
make pseudostrophanthidin, as discussed below, a 8-lactol, which 
is scarcely probable. 

There remains then for discussion the position only of OH". 


18 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 74, 811 (1927). 
1” Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 74, 829 (1927). 
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Since this is tertiary and must be in reactive proximity to carbon 
atom (21) in order to permit the formation of the oxidic bridge 
established in isostrophanthidin'* (XVIII) or of the lactone group 
of the isostrophanthic acids (XVI and XVII), only carbon atom 
(14) need be seriously considered, which would thus give a 6-lac- 
tone. This position with the restriction liscussed later on may 
also allow the interaction of OH' with the aldehyde group of stro- 
phanthidin or after oxidation of this aldehyde group to carboxyl 
4 4Z\.1 ZN | 
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as shown respectively by the lactol character of pseudostrophan- 
thidin (XIX) and the lactone character of its oxidation product, 
strophanthidinic lactone.*® 

Therefore, with the exception of the original lactone group as 
it occurs in the cardiac aglucones, the new lactones and lactols 
which occur in isostrophanthic acid, 8-isostrophanthidie acid, A- 
isostrophanthic lactone acid, and perhaps pseudostrophanthidin 
are 6-oxidic derivatives. Further confirmation of these conclu- 
sions has been obtained in a study of the cyanhydrin reaction with 


2° Jacobs, W. A., and Collins, A. M., J. Biol. Chem., 66, 491 (1925). 
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dihydrostrophanthidin which will be described in a subsequent 
communication. As we shall then show, this gives rise to new 
lactone derivatives in which the carboxyl group added to the alde- 
hyde carbon no longer reacts either with OH' or OH'™ but now 
lactonizes on OH" to which it has become y. 

It now becomes necessary to reconsider the interpretations in 
regard to the nature and mechanism of formation of certain stro- 
phanthidin derivatives. For the moment trianhydrostrophan- 
thidin, which must be a benzenoid derivative from its behavior, 
from the reactions which it undergoes, and from the absorption 
spectra measurements, is the most troublesome to interpret. It is 
necessary to assume now a rearrangement of the aldehyde carbon 
atom from carbon atom (10) to Ring A so that Ring B now becomes 
benzenoid. There is a possibility that this rearrangement of the 
aldehyde carbon atom may already have occurred in the formation 
of the ethylal of monoanhydrostrophanthidin. We are now giving 
these substances further study. On the other hand, the isomerism 
of a-isostrophanthidic acid to the 8 acid, which had appeared to be 
a trans-cis change due to enolization on an adjacent CH group, 
now may be interpreted on the basis of isomerization on carbon 
atom (5). From a study of the model it is probable that in stro- 
phanthidin and therefore in a-isostrophanthidin and a-isostro- 
phanthidic acid there occurs a configuration on carbon atom (5) 
presenting a trans arrangement of Rings A and B, as in allocholanic 
acid which under the influence of alkali rearranges to the cis con- 
figuration as in cholanic acid. This change will now permit lacto- 
lization or lactonization on carbon atom (3) (XVI and XVII). 

This will explain the persistence of the difference between the 
a and £ series in the ketones, a- and §-isostrophanthonic dimethyl 
ester (XX), which, however, yield identical anhydroisostrophan- 
thonic dimethyl esters (X XI) on loss of OH" as water.“ The 
formation of the double bond (as in cholestenon) between carbon 
atoms (4) and (5) causes the loss of asymmetry on the latter car- 
bon atom. 


#1 From the failure of a-isostrophanthic acid itself to isomerize to the 
8 form, enolization of the CO group was thought necessary. A further 
study of this reaction with isoperiplogenic acid, where the aldehyde group 
has been replaced by methyl, is now in progress from this standpoint. 

#2 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 92, 332 (1931). 
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Again a study of the model brings up the question as to the 
nature of the isomerization noted by the conversion under the 
influence of strong acid of strophanthidin into pseudostrophan- 
thidin®* and of strophanthidiniec acid into the dilactone, strophan- 
thidinic lactone. The trans configuration between Rings B and 
C, as assumed in many sterols,” would prevent an oxidic bridge 
between the aldehyde group and OH!’ in strophanthidin itself 
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before isomerization to pseudostrophanthidin. This isomeriza- 
tion may involve carbon atoms (8) and (14) in which Rings B and 
C now become cis, producing a configuration compatible with the 
formation with little strain of the oxidic bridge between the alde- 
hyde or carboxyl group on carbon atom (10) and OH' on carbon 
atom (14) (XIX). This should be shown by x-ray measurements. 


*% Bernal and Crowfoot (J. Soc. Chem. Ind., 68, 953 (1934)) in their 
analysis of the x-ray measurements of a number of aglucone derivatives 
assume the same flat arrangement of rings found in many sterols. 
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However, there is another possibility, that a preliminary removal 
of OH' occurs with formation of a double bond between carbon 
atoms (8) and (14) followed by addition to this double bond 
with formation of an oxidic linkage on carbon atom (8). This 
point will be made a subject for further study. 

Whether the so called y isomerization under the influence of 
strong acid of a- and §-isostrophanthic acids respectively” is of a 
similar nature remains to be determined. In the series of reac- 
tions* in which y-isodigitoxigenic acid is converted with loss of 
OH' into the acetate of y-digitoxenoldiacid anhydride asymmetry 
on carbon atoms (8) and (14) may be lost because of the possible 
location of the double bond between them. On subsequent hy- 
drogenation as the half ester to the ester of the so called y-digi- 
toxanoldiacid asymmetry may be reestablished on these carbon 
atoms with the special configuration present in etiocholanic acid. 

Another fact which emerges is that the 5-membered ring (pre- 
viously called Ring III) found to be present in strophanthidin™ 
and digitoxigenin™ can now be readily seen to be identical with 
Ring D. In anhydrodihydrodigitoxigenin (XXII) the double 
bond in alkaline solution lies presumably between carbon atoms 
(14) and (15). Ina later paper we shall describe work on the oxi- 
dation of such substances which indicates that in neutral or acid 
solutions the double bond appears to lie between carbon atoms (8) 
and (14). With alkaline permanganate hydroxyl groups are 
placed on carbon atoms (14) and (15) (XXIII). This substance 
on oxidation with chromic acid yields the keto acid with rupture 
of Ring D (XXIV). On hydrogenation this gives at once a lac- 
tone (XXV). This is compatible with the formation of a 5-lactone 
from 5-membered Ring D. 

Also, a study of the model suggests a clue to the factors involved 
in the isomerization of the aglucones to isoaglucones.?”. By assum- 
ing that in the original aglucones the unsaturated lactone side 
chain on carbon atom (17) is trans to OH' on carbon atom (14) 
a shift of the 8,y double bond to the position between carbon atoms 
(17) and (20) (XXVI) would permit a cis rearrangement with 


* Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 86, 199 (1930). 

% Jacobs, W. A., and Elderfield, R. C., J. Biol. Chem., 97, 727 (1932). 
26 Jacobs, W. A., and Elderfield, R. C., J. Biol. Chem., 99, 693 (1932-33). 
27 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 74, 811 (1927). 
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consequent formation of the new oxidic bridge between carbon 
atoms (21) and (14) (XX VII). Inasimilar way it can be assumed 
that in gitoxigenin the unsaturated lactone group is at first trans 
to the secondary hydroxyl group on carbon atom (16) and on re- 
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arrangement to the cis position forms a y-oxidic bridge with this 
hydroxyl, as in (XXVIII), rather than with the usual tertiary 
hydroxyl (OH").** The assumption of such a shift of the 8,7 


28 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 79, 553 (1928); 82, 
403 (1929). 
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double bond to carbon atoms (17) to (20) will also readily explain 
the isomerization which attends the oxidation of gitoxigenin to 
the diketone (a-oxoisodigitoxigenon).*® The oxidation of the hy- 
droxy] group on carbon atom (16) to CO can induce a similar shift 
of the double bond to the position a,8 to the new CO group with 
rearrangement as above to a cis configuration and consequent 
formation of the oxidic linkage of the iso compounds (XXIX). 
Further, the additional type of isomerization which we have noted 
with this substance, viz. the conversion of a-oxoisodigitoxigenon 
into the 8 form in acid or alkaline solution, can be readily explained 
now as due to the well known epimerization of a CH group (carbon 
atom (17)) adjacent to the CO group. 
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The 1,3 arrangement of OH' and the extra secondary hydroxyl 
group of gitoxigenin also explain the ready loss of OH' from the 
oxidation product of dihydrogitoxigenin (a-oxodihydrodigitoxi- 
genon) which now becomes a §-hydroxyketone. The attendant 
isomerism to the 8 series is again referable to epimerization on 
carbon atom (17). A further discussion of the nature of the oxida- 
tion products of the dihydrogitoxigenins will be left for a subse- 
quent occasion. 

A final point is the conciliation of what appears now to be a long 
stretch in the flat molecule (XXX) between carboxyl] (I) and car- 
boxyl (III) in the anhydride formation noted between them in the 
anhydride keto methyl ester, CosH320..*° This fact had been used 
previously as the evidence for the position to which we had as- 


*® Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 88, 531 (1930). 
8° Jacobs, W. A., and Elderfield, R. C., J. Biol. Chem., 96, 357 (1932). 
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signed the lactone side chain in the old formula. This anhydride 
was obtained through a series of substances in which OH" was 
removed so that the resulting double bond could lie between car- 
bon atoms (8) and (14). On hydrogenation asymmetry was re- 
established, but, by assuming a reversal on carbon atom (8), the 
relative positions of Rings B and C could be changed from the 
original trans to a cis configuration. From the model the latter 
would appear to permit such anhydride formation. It is possible 
that x-ray measurements would be a check on this possibility. 

The real structure of the series of substances beginning with the 
ethylal of monoanhydrostrophanthidin and ending in trianhy- 
drostrophanthidin is no longer certain and is now under further 
consideration. Similarly the fact that the nitroprusside reaction 
is exhibited by undephanthontriacid dimethyl ester, whereas duo- 
dephanthondiacid dimethyl ester and undeplogondiacid dimethyl 
ester do not give it, will also require additional study. 

We wish to be left for the present with the opportunity to inter- 
pret properly the series of substances which have been the prod- 
ucts of our investigations. 

It is of great interest that the heart poisons of plant origin and 
doubtlessly also the animal heart poisons, such as the toad venoms, 
are now found to belong to the same general group of biologicaily 
potent substances, such as the male and female sex hormones, the 
substance of the corpus luteum, and the precursors of vitamin D. 


EXPERIMENTAL 


Digitoranondiacid—10 gm. of digitoxanoldiacid were dissolved 
in 250 ec. of 90 per cent acetic acid. 45 cc. of Kiliani’s CrO; solu- 
tion were added. After 20 minutes, the solution was diluted, and 
the crystalline precipitate was collected. When recrystallized 
from dilute acetone, the substance formed voluminous needles 
which melted at 213-215° with effervescence. 


CasHy0;. Calculated. C 70.72, H 8.78 
Found. “* 70.92, ** 8.78 
. ** 71.07, “* 8.70 


Digitoxandiacid—4 gm. of digitoxanondiacid were boiled with 
50 gm. of amalgamated zinc in 300 cc. of acetic acid and 50 cc. 
of HCl (1.19). After 15 minutes 25 cc. more of HCl were added 
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and the boiling was continued for 45 minutes. The solution after 
dilution was extracted with ether. After removal of the ether the 
substance was recrystallized from chloroform-petroleum ether, 
It formed rhombs which melted at 218° with effervescence after 
preliminary softening above 210°. 
CasHwO0,. Calculated. C 73.35, H 9.64 
Found. ** 73.60, “ 9.65 


Digitoxandiacid Dimethyl Ester—The above acid was esterified 
with diazomethane. From methyl alcohol the ester formed lus- 
trous platelets and melted at 103°. 


CasHwO.. Caleulated. C 74.20, H 9.97 
Found. ** 74.07, ‘* 9.82 


Degradation of Digitorandiacid Dimethyl Ester to Etiocholanic 
Acid—4 gm. of digitoxandiacid dimethyl ester were dissolved in 
100 cc. of dry ether. This was dropped into a solution of phenyl 
Grignard reagent prepared from 4.56 gm. of magnesium and 20 
cc. of bromobenzene in 400 cc. of dry ether. The mixture was 
refluxed for 8 hours. After decomposition with ice and dilute 
HC! the carbinol was extracted with ether and steam-distilled for 
removal of diphenyl, etc. The crude carbinol was dissolved in 500 
ec. of hot acetic acid and heated on the water bath. 90 cc. of 20 
per cent CrO; solution were gradually added during 1 hour. The 
mixture was then heated a further 5 hours. After removal of the 
acetic acid in vacuo, the residue was taken up in water and ex- 
tracted with ether. After washing free of acetic acid, the ether 
solution was washed with small portions of very dilute Na,CO, 
solution. Owing to the insolubility of its sodium salt the oxida- 
tion acid remained in the ether solution. The ether solution from 
this treatment was concentrated to dryness and the residue was 
steam-distilled for removal of benzophenone, etc. The portion 
remaining from the steam distillation was recrystallized from acetic 
acid. It formed needles and melted at 219-219.5°. 


CyoH:02. Calculated. C 78.88, H 10.60 
Found. ** 78.57, “ 10.43 
** 78.86, ‘ 10.57 


The Methyl Ester—The above acid was esterified with diazo- 
methane. After recrystallization from alcohol it formed stout 
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needles or prisms indistinguishable from the crystals of etiocholanic 
methyl ester (from Professor Wieland). Our substance melted at 
99-99.5°. The ester prepared from cholic acid melted at 98.5- 
99.5° and a mixture of the two showed no depression. 


CuHyO;. Calculated. C 79.18, H 10.80, OCH, 9.74 
Found. “79.17, “ 10.53, “ 9.51 


The Ethyl Ester—50 mg. of etiocholanic acid prepared from digi- 
toxigenin were heated with 3 cc. of 10 per cent absolute alcoholic 
HCl for 2 hours at 100° in a sealed tube. On cooling the ester 
readily crystallized. On recrystallization from alcohol it formed 
leaflets or long flat needles indistinguishable from the etiocholanic 
ethyl ester obtained from Professor Wieland. Our ester melted 
at 77.5-78.5°. That from Munich melted at 77.5-78.5° and a 
mixture of the two showed no depression. 

Dr. A. Rothen kindly made the following micropolarimetric 
observations for us. 

The ethyl ester from digitoxigenin gave [ali green = +52.5° 
(c = 0.610 in pyridine). Wieland’s ester gave laity, green = +49.5° 
(c = 0.670 in pyridine). 


CHO, Caleulated. C 79.47, H 10.84 
Found. ** 79.35, “ 10.60 


Addendum—After this paper was sent to press the formal communication 
of Tschesche* on the degradation of dianhydrouzarigenin to etioallo- 
cholanic acid reached us. In this paper Tschesche, while describing his 
experimental work, presents his conclusions as to the identity of his acid 
with etioallocholanic acid with the same reservations expressed in his pre- 
liminary paper, owing to the limited amounts of material which he had ob- 
tained from hyodesoxycholic acid for comparison. Nevertheless, on the 
assumption that this identity would be confirmed, he has developed the 
only permissible structural formulas for the aglucones on the basis of our 
former work. He has also made obvious revisions in conformity with the 
new formulas of a number of the derivatives of these aglucones which we 
had previously described. 





* Tschesche, R., Z. physiol. Chem., 229, 219 (1934). 











PREPARATION AND PROPERTIES OF VITAMIN E 
CONCENTRATES* 


By HERBERT M. EVANS, ELIZABETH A. MURPHY, 
R. C. ARCHIBALD, anv R. E. CORNISH 
(From the Institute of Experimental Biology, University of California, 
Berkeley) 


(Received for publication, October 29, 1934) 


Various observations necessarily made on vitamin E concen- 
trates in connection with work on purification of vitamins (1), 
while outside the scope of that paper, disclosed many pitfalls 
which the experimenter may avoid with the information here 
presented. If certain simple precautions are not taken during 
extraction and saponification of the wheat germ oil, losses of over 
90 per cent of its vitamin E activity are often found. 

Testing of Fractions with Rats—In testing for vitamin E, female 
rats reared on a diet’ low in vitamin E were always first proved 
sterile by mating, appearance of the “erythrocyte sign” about 13 
days later, and failure to produce a litter. The fractions to be 
tested were fed on the 2nd day of the next gestation period; the 
details of the test have been described elsewhere ((3) pp. 2, 53). 
Birth of living young was used as the criterion that vitamin E was 
present, while resorption of the young indicated that there was 
less than a rat unit of vitamin E in the amount of fraction fed. 
When exactly 1 rat unit has been fed, there will be fewer animals 
per litter than with a somewhat larger dose, and several are often 
dead at birth. As Evans and Burr proved, the rat unit may be 
given in a single dose, repeated doses being unnecessary. 

Description of Rat Tests—Four rats were ordinarily used in each 
test, but the only significant rats were regarded as those showing 
the erythrocyte or implantation sign mentioned above. The re- 

* Aided by grants from the Research Board and the College of Agricul- 
ture of the University of California, and the Rockefeller Foundation. 


1 Commercial casein 27.0, cooked corn-starch 35.0, lard (not rancid) 22.0, 
cod liver oil 2.0, dried brewers’ yeast 10.0, Salt Mixture 185 (2) 4.0. 
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sults are given in Tables I to V which give the weight in gm. of 
the original unsaponified oil used for each rat in preparing the dose, 
the number of test rats showing the erythrocyte sign while on the 
test, the number of these rats giving birth to litters, the total 
number of living young born on the test, and the total number of 
dead young born. In some instances two or three levels were fed. 
When young are born dead, they are sometimes promptly eaten 
by the mother and only a few bloody shavings lead one to guess 
the possible previous existence of a litter; hence the number of 


TasBie I 
Results of Vitamin E Test with Corn Oil and Wheat Germ Oil 





Weight of 
: No. of test | No. of test 
oil from : se Total No. 
: rats showing) rats giving ot 
Sample — Prep-lerythrocyte| birth to of ons 
ao es sign litters young 





Corn oil 


Oil from old 
wheat germ 


Oil from fresh 
wheat germ 
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dead animals born is sometimes necessarily listed as less than the 
actual number. 

Source of Vitamin E—Vitamin E was obtained from wheat germ 
oil. Vitamin E is present in fresh corn germ, but not in com- 
mercial refined corn oil ((3) p. 68). A sample of unrefined com- 
mercial corn oil (‘expelled from corn kernels previously exposed to 
long soaking in warm water containing a little sulphur dioxide’), 
from A. P. Bryant of the Clinton Corn Products Refining Com- 
pany, showed no trace of vitamin E (see Table I). Certain lots 
of our earlier wheat germ oil showed reduced activity (see Table I). 
While these oils were made with c.p. benzene as the extractive, 
other samples extracted with ethyl ether by Dr. Lepkovsky of this 
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laboratory showed reduced activity, again with much less potency 
than was previously found in samples prepared by Evans and 
Burr. But when the present writers made wheat germ oil only a 
few months after the wheat was harvested, using 24 hour extrac- 
tion by c.P. benzene which is later evaporated in a vacuum, 4 vita- 
min E rat units per gm. of oil were found (Table I). Samples B 
and C differed in method of preparation from Sample D only in 
age of the germ. After the unused germ left over from Sample D 
had been stored for 3 years at 7°, activity was at least two-thirds 
as great. Wheat germ oil stored in glass for the same period, 
sealed up in a vacuum at room temperature, showed no loss of 
activity. No effort was made to dry the commercial wheat germ 
before extracting with the benzene. The benzene was the com- 
mercial article, carefully distilled in a 3.66 meter fractionating col- 
umn previously described (4). 

Solvents for Saponification and for Extraction of Non-Saponifiable 
Matter—In obtaining highly potent vitamin concentrates from 
oils, their non-saponifiable matter should be used as a more concen- 
trated source of both vitamins A (5,26, 7) and E ((3) pp. 118-119). 

In one method of “cold” saponification, traces of ethanol, 
8-methoxyethanol, or a similar solvent, are used to catalyze the sa- 
ponification (8). By adding only nominal amounts of water, one 
extracts the non-saponifiable matter with ethylene dichloride. The 
authors found equal success by extracting with benzene, using a 
cloth bag for draining, but the Marcus process usually does not 
give complete saponification, and the process also results in de- 
struction of considerable vitamin E. This was shown by tests on 
saponification of oil by the Marcus procedure (Table II); after 
resaponifying by boiling 5 minutes with alcoholic potassium 
hydroxide, the next results shown in Table II were obtained. 
Sample B of oil, when saponified by the classical method of boiling 
for 30 minutes a mixture of 100 gm. of oil, 25 gm. of potassium 
hydroxide, and 125 cc. of 95 per cent ethyl alcohol followed by 
ethyl ether extraction, also showed a great loss of vitamin E 
(Table II). This agrees with the findings of Evans and Burr ((3) 
pp. 121, 132). 

Tests of non-saponifiable matter, by the same ethy/ alcohol proc- 


* Refers to plant or carotene form of vitamin A. 
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ess, of oil Sample A indicated the same thing (Table II), although 
this original oil was not tested; but other samples prepared about 
the same time had activity comparable to Samples B and C in 
Table I. Saponification of oil Sample A by aid of metallic sodium 
gave no trace of activity in the product (Table II). Naturally 
the non-saponifiable fraction only is tested for vitamin E after these 
saponifications. 

The loss of vitamin E with ethyl alcoholic potassium hydroxide 
may be avoided by purifying the ethanol by repeated refluxing and 


Tasie II 
Vitamin E after Saponification Process 





Weight of 

oil from |No. of testing. of test 

oe which |f&ts show-l 4. giving 

Saponification Sample ing eryth-/""); h 
prepara- | rocyte birth to 
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made sign 





Marcus 


Same as above, but 
resaponified in hot 
ethanol 

Hot ethanol 


Ethanol-metallic 
sodium 























distilling with anhydrous sodium hydroxide.’ The present writers, 
however, solved the problem by substituting for the 95 per cent 
ethanol their anhydrous methanol, carefully distilled from the 
commercial product, after alkalinizing with sodium hydroxide in 
their 6.09 meter column previously described (4). Saponification 
was continued an hour under a reflux, and other precautions were 
taken: the alcoholic potassium hydroxide was refluxed before and 
during addition of the oil; this oil and the water for extraction were 
pumped to remove dissolved air; separatory funnels were flushed 


3 Personal communication from Dr. G. O. Burr, University of Minnesota. 
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with commercial “natural gas’’ or with nitrogen; etc. Three sepa- 
rate saponifications made at different times with parts of oil 
Sample D showed practically no loss of activity (Table III). 
These three runs were made over a year apart, and the raw oil 
(Sample D) in the meantime had been kept sealed up in a vacuum 
as described above. Hence, these experiments, although made 


Tase III 

Vitamin E after Methanol-Potassium Hydroxide Saponification before and 
after Addition of Inhibitors (Oil Sample D) 

weigh | Noche | No.of 


preparation | erythrocyte |, ; . living young 
was made sign birth to litters - 





Total No. of 
Total No. of ’ 
young born 
dead 





qm. 








With inhibi 





Hydroquinone 
0.1* 


0.5 


Dibenzylamine 
0.1 


0.5 
1 




















* Weight of inhibitor in per cent of the weight of the oil. 


after saponification, are also evidence that the oil had not de- 
teriorated in the meantime, as regards vitamin E content, the test 
cited in Table I on the raw oil Sample D having been made immedi- 
ately after preparation of the oil. 

With the same oil Sample D, four tests were made with hot 
saponification for 1 hour in boiling methanol (the same propor- 
tions as above), but with inhibitors added, the weight of the in- 
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hibitors being a per cent of the weight of the oil (Table III). In 
the case of dibenzylamine, the ether extracts were washed with 
dilute aqueous hydrochloric acid to remove excess dibenzylamine, 
before final evaporation and feeding. While these experiments 
showed no appreciable loss of vitamin E, no advantage is gained 
with inhibitors, provided boiling methanol is used for the saponifi- 
cation. Unpublished work of Evans and Lepkovsky of this 
laboratory indicates that if ordinary commercially pure 95 per cent 
ethanol is used in the saponification, use of inhibitors in amounts 
and kinds suggested above prevents loss of vitamin E. 

When saponification was carried out as above, but at room tem- 
perature, with oil Sample D, and as solvent either absolute ethanol 
with 18 hours treatment or methanol with 3 days treatment 


TaBLe IV 
Vitamin E after Cold Saponifications (Oil Sample D) 


Weight of oil | No. of test | No. of test Total No. of 

Solvent from which [rats showing} rats giving |Total No. of cnnetny lk 
preparation | erythrocyte | birth to living young| 7°“ Sor" 

was made sign litters 








gm. 
Absolute ethanol . 1 
13 


Methanol ‘ 2 
19 




















(Table IV), there appeared to be a fair loss of activity. More- 
over, these processes did not give complete saponification, partly 
owing to the fact that the systems during saponification were not 
homogeneous. During the saponification, an atmosphere of com- 
mercial “natural gas’’ was maintained, which may explain why 
losses of vitamin E were apparently less than with the Marcus 


process. 

As stated above the best saponifications were carried out with 
materials in the following proportions: 25 gm. of solid potassium 
hydroxide, 100 gm. of oil, and 125 ce. of methanol, with 1 hour of 
refluxing. The saponification number of wheat germ oil is around 
180 (mg. of pure KOH per gm. of oil), essentially the same as for 
cod liver oil. Following saponification, the mixture was poured 
into about twice its volume of air-free distilled water and extracted 
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two or three times with ethyl ether. The container used for the 
extraction should have at least 15 times the volume of the original 
oil. 

Under these conditions other solvents than ethyl ether, such as 
benzene, chloroform, normal hexane, ethylene dichloride, 8,6’- 
dichloroethyl ether, trichloroethylene, tetrachloroethane, etc., 
when applied to the diluted soap from wheat germ oil, did not 
even extract any yellow color; these solvents also tended to 
emulsify, thus requiring a centrifuge for separation of the two 
layers (however, probably no vitamin E would be extracted any- 
way). Isopropyl ether is usable, although, judging colorimetri- 
cally, larger volumes are required than with ethyl ether for the 
same degree of extraction. Ethyl acetate can be used (9), but any 
excess alkali must then first be neutralized to avoid saponification 
of the ethyl acetate. Extraction from neutral solution, however, 
removes fatty acid, so that the non-saponifiable matter must 
finally be dissolved in ether anyway to permit washing with aque- 
ous sodium hydroxide. Smith and Hazley (9) succeeded in ex- 
tracting the non-saponifiable matter from the soap with chloroform 
or even with petroleum ether by also adding considerable ethyl 
alcohol. It appears that the extracting solvent must either be 
somewhat polar, or at least contain a quantity of a polar liquid, 
such as alcohol. It will accordingly be difficult to find a single 
substance as substitute for ethyl ether in the process, unless it be 
in some of the higher alcohols or ketones which tend, however, to 
have inconveniently high boiling points. 

Attempted Extraction of Vitamin E from Wheat Germ Oil by 
Solvents—Experiments of Dubin and Funk (10) on vitamin A ex- 
traction from cod liver oil suggested the possibility of extracting 
vitamin E directly from wheat germ oil by various immiscible sol- 
vents. 20 gm. of wheat germ oil were shaken successively with 
40, 20, 20, and 20 cc. of glacial acetic acid (total 100 cc.), and the 
acid extracts combined. On removing the acetic acid in a vacuum, 
the remaining acid extract contained very little vitamin E (Table 
V, Extraction a) nearly all activity remaining in the residual oil 
(Extraction b). With formic acid instead of acetic, the extract 
was again almost inactive (Extraction c), the activity remaining 
in the residual oil (Extraction d). When ethylene glycol was used 
as the extractive, with successive portions of 50, 50, 50, and 50 ce. 
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(total 200 cc.), but with 20 mg. of wheat germ oil as before, the 
glycol extracted no activity (Extraction e), the residual oil being 
active as before (Extraction f). In each case the residual oil was 
nearly 20 gm., only about 1 gm. or less being extracted in the pro- 
cedure. These tests only served to confirm our confidence in the 
saponification methods described in the previous section. 


TaBie V 
Attempted Extraction of Vitamin E without Saponification (See Text) 


The weight of the oil, Sample B, from which the preparation was made 
was 5 gm. per rat in each case. Four test rats showed the erythrocyte sign 
in each case. 





: No. of test rats giving | Total No. of living Total No. of young 
Extraction birth to litters young born dead 








Boar 











SUMMARY 


Methods are described for preparing vitamin E concentrates. 
It is found that the wheat germ used as raw material should be 
fairly fresh and that after extraction of the oil the saponification 
process should be carried out with methanol as solvent. For re- 
moving the non-saponifiable matter from the soap, most fat sol- 
vents except ethyl ether are unsuitable unless considerable alcohol 
or similar liquid is also added. Advantages of the process recom- 
mended are pointed out, based on chemical as well as biological 
tests. Wheat germ oil, if sealed up in a vacuum in glass, appears 
to keep its vitamin E content unimpaired for several years at room 
temperature. 
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Barbour (1) has claimed that muscle amylase acting on glycogen 
gives a trisaccharide as the sole product of hydrolysis. This find- 
ing is strikingly different from those which have been obtained 
with pancreatic, salivary, and malt amylases which, it is generally 
agreed, produce maltose and, when conversion to disaccharide is 
incomplete, also dextrin (2). Most investigations, it is true, have 
been carried out with starch as substrate but the studies of Pring- 
sheim (3) and Kuhn (4) lead one to suppose that there is no signifi- 
cant difference between amylopectin, a constituent of starch, and 
glycogen. Sodium fluoride extracts of muscle acting on glycogen 
were found by Osborne and Zobel (5) to produce dextrins and 
maltose and probably some glucose. Among the products of 
glycogen hydrolysis by potassium chloride extracts of frog muscle 
Lohmann (6) found glucose and a sugar identified as an amylo- 
triose. If glycerol extracts of muscle split glycogen entirely and 
solely to a trisaccharide, these extracts must have peculiar proper- 
ties distinguishing them from other amylase systems. Case (7), 
without giving any experimental data, stated that he was able to 
confirm Barbour’s results. Experimental work reported here is 
not in agreement with Barbour’s conclusions. 


EXPERIMENTAL 


Experiment 1—30 cc. of glycerol extract of rabbit muscle, pre- 
pared by the method Barbour employed (1), were mixed with 10 ce. 
of phosphate buffer, pH 6.4, and 8.0 gm. of glycogen dissolved in 
160 ce. of water. Toluene was added and the mixture was incu- 
bated 46 hours. Protein was then removed by heat coagulation. 
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The addition of 2 or 3 drops of dilute acetic acid facilitated coagu- 
lation and filtration. To the clear filtrate 2 volumes of alcohol 
were added to remove unchanged glycogen. After standing 24 
hours in the ice box, the mixture was filtered and the filtrate con- 
centrated under reduced pressure and at temperatures below 50°. 
To the syrupy concentrate 95 per cent alcohol was added, which 
gave a precipitate. After this precipitate was separated by centri- 


Taste I 
Properties of Sugar Fractions Isolated from Glycogen-Muscle Extract Digests 





Glucose Specific 
equivalent rotation Acetyl product 





Nature of fraction and Before Before| After 
method of separation acid i — = 
7 7 


hy- 
drol- , 
ysis ysis 

lal, lalig 


ysis 
(a) 








Acetyl 
. | Con- 
tent 
per 
cent 


deyrees|degrees 
170 


gm. 


Powder by alcohol |0.203)/0. 
pptn. 
“ “ 0.359 . 
Powder by alcohol- |0.632)/0. 
ether pptn. 
Total concentrate 4. 
I | Powder by alcohol |1 
pptn. 
II | Residual syrup 
Total concentrate 2.592/6. 
I | Powder by alcohol (0.574/1. 
pptn. 
II | Powder by alcohol- (0.502)1. 
ether pptn. 
III} Residual syrup 1. 205)1. 


126 | 70 


140 
60 | 1235 (A) 
663 (B))51.75 
62 | 602 49.40 
171 | 65 
198 | 59 | 1414 (A) 
735 (B)|51.74 
168 | 59 


$8 888 ae se wix| se 


133 | 60 | 625 52.55 
































fuging, the liquor was reconcentrated and absolute alcohol was 
added to the concentrate. A second precipitate was separated 
and the liquor was again concentrated. This time a mixture of 
equal parts of alcohol and ether was added and a third precipitate 
was obtained. These precipitates are referred to as Fractions I, 
II, III in Table I, Experiment 1. All the fractions were very 
sticky, owing to contamination with glycerol, and therefore the 
analytical results, presented in Table I, were probably not reliable. 
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Repeated washing of the precipitate with absolute alcohol and 
ether removed some of the stickiness. Attempts to purify frac- 
tions by precipitation with barium hydroxide were unsuccessful. 

On account of the difficulty experienced in isolating sugar frac- 
tions from the digestion mixtures it was decided to remove glycerol 
from the extract by dialysis. Extracts were dialyzed in collodion 
sacks for 1 hour against running tap water, followed by 2 hours 
against distilled water. The latter was changed at intervals of 15 
minutes. The dialyzed extracts were found to be quite active and 
therefore no sodium chloride was added to the digestion mixtures. 
Buffer also was omitted in the hope that this would facilitate the 
isolation of pure fractions. 

Experiment 2—60 cc. of glycerol extract, treated with toluene 
and the toluene layer removed, were dialyzed as described and the 
dialyzed preparation was mixed with 10 gm. of glycogen dissolved 
in water. The volume of the mixture was 200 cc. A few drops of 
toluene were added and the mixture was incubated for 46 hours at 
37°. Protein and unchanged glycogen were removed as in Experi- 
ment 1. The aqueous sugar solution was concentrated to a small 
volume and absolute alcohol was added, giving a precipitate, 
Fraction I. This precipitate was obtained as a white powder and 
in contrast to the fractions of Experiment 1 the preparation was 
not sticky. As Fraction I had a much higher glucose equivalent 
than could possibly be given by a trisaccharide, no further frac- 
tionation was attempted. The liquor from Fraction I was con- 
centrated to a syrup and analyzed. Results of this experiment 
are summarized in Table I. 

Experiment 3—50 cc. of glycerol extract, prepared as before, 
were dialyzed and mixed with 8.0 gm. of glycogen in water and the 
volume made to 200 cc. Toluene was added and the mixture was 
incubated at 37° for 36 hours. Protein and unchanged glycogen 
were removed and an aqueous concentrate prepared as in Experi- 
ment 2. The results of this experiment are summarized in Table 
I and full analytical details follow. 

Analysis of Aqueous Concentrate—The total volume was 40.5 
ce. 2c. of the concentrate were diluted to 20 cc. and the optical 
activity was determined. To 10 cc. of the 20 cc. solution 0.66 cc. 
of concentrated HCl was added and the mixture heated for 3 hours 
in a boiling water bath, neutralized, and diluted to 20 cc. The 
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optical activity was again determined. Reducing power of the 
solution before and after acid hydrolysis was also determined. 
Reducing power throughout this work was measured by the 
Shaffer-Hartmann method as modified by Barbour (1). 

(a) The glucose equivalent (by reducing power) in 40.5 cc. of 
concentrate before hydrolysis = 2.592 gm.; (b) after hydrolysis = 
6.176 gm.; (a)/(b) = 42 per cent. 

Rotation before Hydrolysis—a = 5.23°, 2 dm. tube; C' = 
6.176 X 2/40.5 X 5 = 1.525; [ala, = 171°. 

Rotation after Hydrolysis—a = 1.00°,2dm. tube; C = 1.525/2 = 
0.7625; (alu, = 65°. 

Separation of Fractions—To the aqueous concentrate (38 cc.) 
200 cc. of absolute alcohol were added, which gave a white precipi- 
tate (Fraction I). To the alcoholic liquor, obtained after centri- 
fuging off Fraction I, 100 ec. of ether were added, when a further 
precipitate was obtained and, by centrifuging, this gave Fraction 
II. The ether-alcohol mixture was not clear on separation, even 
after prolonged cooling and it was therefore concentrated in vacuo 
below 50° to a syrup (Fraction ITI). 

Analysis of Fractions—Fraction I was washed by stirring twice 
with absolute alcohol and once with ether and then dried in a desic- 
cator over sulfuric acid. Yield, 2.21 gm. 50 mg. dissolved in 
20 cc. of water gave (a) a glucose equivalent before acid hydroly- 
sis = 13.0 mg.; (6) after acid hydrolysis = 43.3 mg.; (a)/(b) = 30 
per cent. 

Rotation—a = 0.86°, 2 dm. tube; C = 43.3 K 5 = 0.2165; 
[alu, = 198°. 

15 cc. of the above solution were hydrolyzed, neutralized, and 
diluted to 20 ce. a = 0.19°, 2dm. tube; C = 15/20 X 5 X 43.3 = 
0.162; [a]lu, = 59°. 

50 mg. of powder heated with 60 per cent KOH gave no reducing 
substance after addition of alcohol and hydrolysis with acid, 
showing the absence of glycogen. 

About 1.0 gm. of substance was acetylated after the method of 
Pringsheim (3). The acetylated product, after standing 2 days in 
water, was thoroughly broken up, stirred with water, and the mix- 


1 Concentration throughout this work was calculated on the basis of 
reducing power after acid hydrolysis. This is not strictly correct, but is 
satisfactory as an approximation. 
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ture centrifuged. The brownish colored residue was dissolved in 
about 20 ce. of chloroform and the chloroform solution was shaken 
three times with water. To the washed chloroform extract cal- 
cium chloride was added and the clear extract filtered after stand- 
ing several hours. The filtrate was evaporated in vacuo to dryness 
and the residue was taken up in hot absolute alcohol. The alcohol 
solution was decolorized by repeated boiling with charcoal, the 
solution being filtered through charcoal each time. The alcohol 
solution, about 200 cc., was allowed to stand for several days at 
room temperature. With Fraction I a few mg. of a grayish white 
powder separated, sufficient only for molecular weight determina- 
tions. Molecular weight determinations by Rast’s method (8) 
on this and all other fractions are given in Table IT. 


Taste II 
Molecular Weight Determinations on Acetyl Derivatives of Sugar Fractions 





. Weight of Weight of M. p. 
Fraction camphor substance depression Mol. wt. 





mg. 
Precipitate A, Frac- 5.710 


tion I 4.317 ; ‘ 
Residue B, Fraction I 4.298 ; . 711 
4.867 , 760 
Fraction III 3.478 ; 603 
3.790 ; : 648 

















After removal of this small amount of precipitate no more sub- 
stance separated and therefore the alcohol solution was evaporated 
to dryness. Residue B was thoroughly dried in a desiccator over 
sulfuric acid. The determination of acetyl content of this frac- 
tion was performed by the method of Pringsheim (3). The results 
are given in Table III. 

Fraction II—After washing with alcohol and ether and drying 
over sulfuric acid, the weight of powder obtained was 1.50 gm. 
150 mg. dissolved in 15 cc. of water gave (a) a glucose equivalent 
before acid hydrolysis = 50.2 mg.; (6) after acid hydrolysis = 
139.0 mg.; (a)/(b) = 36 per cent. 

Rotation before Hydrolysis—a = 3.11°, 2 dm. tube; C = 0.139 X 
100/15 = 0.927; [alu, = 168°. 
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Rotation after Hydrolysis—300 mg. of powder, dissolved and 
hydrolyzed and the volume after hydrolysis made up to 20 cc., 
gave a = 1.64, 2 dm. tube; C = 1.39; [a]q, = 59°. 

Fraction II]—The syrup dissolved in 20 ec. of water gave (a) 
a glucose equivalent before acid hydrolysis = 1.205 gm.; (6) 
after acid hydrolysis = 1.890 gm.; (a) /(b) = 64 per cent. 

Rotation before Hydrolysis—2 ec. of solution diluted to 25 ec. 
gave a = 2.02°, 2. dm. tube; C = 0.756; [a]n, = 133°. 

Rotation after Hydrolysis—10 cc. of the diluted solution hydro- 
lyzed and the volume made to 20 ec. gave a = 0.45°, 2 dm. tube; 
C = 0.378; [alu, = 60°. 

TaBie III 
Determination of Acetyl Content of Acetyl Derivatives of Sugar Fractions 





Fraction Weight of substance 0.1 ~ NaOH Acetyl content 





gm. > per cent 
Residue B, Fraction I 0.0934 ‘ 51.62 
0.0825 51.86 
Fraction III 0.0772 : 52.90 
0. 1006 ‘ 52.20 














Part of the aqueous syrup was dried as thoroughly as possible, 
finally over phosphorus pentoxide, and an acetyl product was 
prepared and analyzed (see Tables II and III). 


DISCUSSION 


The results of Experiment 1 were considered unreliable because 
the sugar fractions isolated were very impure. The results of 
Experiment 2 seemed to indicate that the digestion had produced 
a mixture of sugars containing mainly disaccharide with, possibly, 
some monosaccharide. The fraction isolated by alcohol precipita- 
tion gave a glucose equivalent much higher than that possible 
for a trisaccharide. The results of Experiment 3, however, iilus- 
trated the mixed nature of the products and showed the presence 
of polysaccharide more complex than disaccharide, of disaccharide, 
and of monosaccharide. The significance of the analytical values 
is made clearer by comparing them with the values given, either 
theoretically or experimentally, by glucose, maltose, and a possible 
trisaccharide. The latter are summarized in Table IV. 
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Considering Experiment 3, it is seen that after removal of un- 
changed glycogen the digestion mixture contained 6.176 gm. of 
sugar expressed as glucose. The specific rotation and reducing 
power were nearly those of maltose. Crude fractionation with 
alcohol and ether, however, indicated the presence of more than 
one substance. The first precipitate by alcohol, Fraction I, gave 
a lower reducing power and a higher specific rotation than the 
original mixture, suggesting the presence in this.fraction of either 
a trisaccharide or a mixture of polysaccharides, some more complex 
than disaccharide, with possibly some monosaccharide. From 
this fraction a few mg. of acetyl derivative (Fraction I, A) were 
obtained which, while probably not a pure substance, gave a 


Taste IV 
Properties of Glucose, Maltose, and a Trisaccharide 





od Specific rotation Acetyl product 


oo mm Before ive 
ucing |, seid aci 

‘powder |bydrolysis|hydrolysis| Mol. wt. | Ootcne 

, lalig lalitg 


degrees | degrees per cent 


Glucose (calculated). ........ 62 55.10 
Maltose - , 163 62 50.70 
7" 66 51.17 


Trisaccharide (calculated)... . 62 48.96 





























molecular weight indicating a high polysaccharide. The bulk of 
the acetyl derivative (Fraction I, B), separated after concentration 
of the alcohol solution, gave a molecular weight and an acetyl 
number closely approximating those for a disaccharide. Fraction 
I therefore seemed to be predominantly disaccharide mixed with 
possibly some polysaccharide such as dextrin. The sugar sepa- 
rated by alcohol-ether, Fraction II, showed a slightly higher reduc- 
ing power and a lower specific rotation consistent with there being 
less polysaccharide than in the first fraction. The residual syrup, 
after removal of Fractions I and II, showed a relatively high 
reducing power and a low rotation, suggesting that here propor- 
tionately more monosaccharide was present. In conformity with 
this suggestion an acetyl product from this syrup gave a molecu- 
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lar weight slightly lower and an acetyl number slightly higher than 
those for a disaccharide. The original sugar mixture contained 
6.176 gm. and the fractions totaled 5.194 gm. As all of the 
products isolated were amorphous, the analytical data did not 
establish the absolute identity of any particular compound. 
However, failure to obtain crystalline products was to be expected, 
since a mixture of substances, probably containing dextrin, was 
being dealt with. As a control crystalline octaacetyl maltose 
was prepared from pure maltose with comparative ease; the analy- 
sis of this compound is presented in Table IV. Of the evidence 
outlined the molecular weight determinations most convincingly 
support the view that a disaccharide and not a trisaccharide was 
the main constituent of the digestion mixture. It is certain, how- 
ever, that a mixture of sugars was present. 

Barbour observed that the glucose equivalent of a glycogen- 
muscle extract determined at any time over 36 hours corresponded 
almost exactly to 30 per cent of the glycogen hydrolyzed. (In 
Table V of Barbour’s paper the increase in reducing power from 
0 to 6 hours should be 0.219 and not 0.142. The corrected value 
gives a glucose equivalent of 45 per cent.) Pringsheim ef al. 
(9) have repeatedly found amylases to yield 70 to 80 per cent only 
of the theoretical amount of maltose. The remaining 20 to 30 per 
cent of the polysaccharide, glycogen or starch, is converted to a 
“limit dextrin.”” The reducing power of maltose, as measured by 
the modified Shaffer-Hartmann procedure adopted by Barbour, 
gives a glucose equivalent of 43 per cent. If muscle amylase 
behaved as other amylases in yielding say 70 per cent of the 
theoretical amount of maltose, the glucose equivalent of the mix- 
ture would be 0.7 XK 43 = 30.1 per cent. Such a value therefore 
would not necessarily indicate the formation of a trisaccharide. 
Barbour claimed, however, that the isolated product (open chain 
compound) also gave‘a glucose equivalent of 30 per cent and this 
would suggest that the muscle amylase did not behave as do 
other amylases, but unfortunately he did not present evidence to 
establish the absolute purity of the isolated sugar. 

Barbour stated that from aqueous glycerol concentrates an 
anhydrous trisaccharide was isolated, the formation of the anhy- 
dride being attributed to the action of glycerol during concentra- 
tion. This we were not able toconfirm. It should be pointed out, 
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however, that from the data given by Barbour the molecular 
weight and the specific rotation are incorrectly calculated and 
should be 240 and 374 respectively and not 481 and 187 as stated. 


SUMMARY 


While the arguments and the evidence presented here do not 
disprove the possibility that a trisaccharide may be one of the 
products of glycogen hydrolysis by glycerol extracts of muscle, 
they prove that trisaccharide is not the sole product and they 
suggest that maltose (a disaccharide) is the main product. 
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A study of the chemical properties of the products of glycogen 
hydrolysis and their derivatives led to the view previously reported 
(1) that glycerol extract of rabbit muscle hydrolyzes glycogen to 
maltose. It appeared that the products examined also contained 
glucose and some higher polysaccharide, probably dextrin. Ex- 
periments reported here illustrate more thoroughly the enzymic 
hydrolysis of glycogen. 


Methods 


Glycogen Preparation and Determination—Glycogen was pre- 
pared from oyster or liver by repeated digestion in KOH solution 
and precipitation by alcohol. The determination of glycogen 
during the course of digestion was performed by transferring a 
sample (usually 5 cc.) of the digestion mixture to a centrifuge tube 
(capacity about 17 ce.) containing about.0.5 gm. of solid KOH. 
The tube was immediately immersed in a bath of boiling water 
and heated, with occasional stirring, for 20 minutes. The tube 
and contents were cooled and a volume of absolute alcohol, equal 
to twice the volume of aqueous KOH solution, was added. The 
mixture was stirred thoroughly and left in the ice box overnight. 
It was then centrifuged, the supernatant liquid poured off, the 
precipitate washed once with 5 cc. of absolute alcohol, the tube 
centrifuged again, and the washings discarded. The glycogen 
precipitate was dissolved in boiling distilled water, the volume used 
varying from 2 to 5 cc., depending upon the amount of glycogen 
present, 2 drops of 2 Nn H,SO, were added to neutralize the alkali 
not removed by washing, and this was followed by the addition 
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of a volume of 2 n H,SO, equal to the volume of water used to dis- 
solve the glycogen. Hydrolysis was carried out as stated below. 
The amount of glycogen used in all experiments was determined 
and is expressed in terms of the amount of glucose formed after 
hydrolysis in N H,SO, for 2 hours in a boiling water bath, as 
recommended by Sahyun (2). 

Determination of Reducing Power—The reducing sugar in the 
digests was determined by the Shaffer-Hartmann method as 
modified by Barbour (3). 

A 5 cc. sample withdrawn from the digestion mixture was trans- 
ferred to a volumetric flask containing 1 ce. of 10 per cent sodium 
tungstate, the mixture was stirred, and 1 cc. of 3 N H,SO, was 
added. The mixture was allowed to stand a few minutes until 
the protein separated, when it was diluted to an appropriate 
volume and filtered. The filtrate was usually slightly acid and 
was therefore neutralized by the addition of 1 or 2 drops of n 
NaOH before use in the determination of reducing power. The 
reducing power is expressed in terms of glucose. 

Preparation of Muscle Extracts—Rabbit muscle was extracted 
according to the method of Hunter and Dauphinee (4), 1 cc. of 
glycerol being used per gm. of tissue. Dialysis of extracts was 
carried out in collodion tubes for 24 hours against distilled water. 
The water was changed frequently. 

Preparation of Liver Extracts—Rabbits fasted 48 hours were 
etherized and the livers were perfused in situ with saline until 
they were free from blood. The liver was chopped, ground, and 
extracted with glycerol, the amount of glycerol and’ the time of 
extraction being the same as for muscle. 

Preparation of Mixtures for Digestion—An amount of glycogen 
was weighed out and dissolved in boiling water; the solution was 
cooled and made to a known volume. A sample was then hydro- 
lyzed with acid as a control on the absolute sugar content. Toa 
known volume of the glycogen solution 5 cc. of phosphate buffer, 
pH 6.4, made up according to Clark (5) and solid sodium chloride 
were added, the latter in amount sufficient to make a final concen- 
tration of 0.01 m. Tissue extract was added and the mixture was 
then made to a definite volume with water, toluene was added, 
samples were withdrawn for glycogen and reducing power deter- 
minations, and the mixture was placed in a warm room at 37°. 
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The course of the hydrolysis was followed by withdrawing samples 
at definite intervals for glycogen and sugar determinations. 


Results 


Hydrolysis of Glycogen by Muscle Extract—The digestion of 
glycogen was followed by the methods described above and the 
results shown in Table I were obtained with undialyzed extract 
and those of Table II with dialyzed extract. The experimental 
numbers in the two tables are quite independent, except that 
Experiment 3 in both series was carried out with a preparation 
of extract made from the same lot of muscle at the same time. 


Tasie I 
Hydrolysis of Glycogen by Glycerol Extracts of Muscle 





7 Glycogen Reducing substance 
Vane ‘Period of 
ydrolysis 

extract Initial | Final Initial | Final | 1™- 








mg. mg. 
16.0 | 462 
12.0 | 420 
6.0 | 188 
247 
0.0) 84.0 
117.5 


mg. 
1500 
850 
400 


250 





cocccs? 








Sesses 























mg. reducing substance increase 
mg. glycogen decrease 





* Glucose equivalent = x 100. 


It should be remarked that, as dialysis always caused the volume 
of the sack contents to increase, the figures in the second column of 
Table II represent not the volume of dialyzed extract actually 
taken but the volume in terms of undialyzed preparation. 

The wide range of the glucose equivalents, seen in both series of 
experiments, proved that in these experiments the hydrolysis 
product of the glycogen was not one single substance. Experi- 
ments 1 and 4, Table I, and Experiment 1, Table II, demonstrate 
glucose equivalents around 30 per cent and thus confirm Barbour’s 
observation (3). However, in Experiments 3 and 4, Table I, 
and Experiment 3, Table II, the glucose equivalent was seen to 
increase when the period of hydrolysis was prolonged. A compari- 
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son of the results in Tables I and II showed that the product of 
hydrolysis by dialyzed extract tended to have a higher glucose 
equivalent than the product by undialyzed extract. It will be 
shown that this is accounted for by the fact that the extracts of 
muscle contained maltase and that glycerol inhibits maltase. 
Another point demonstrated by the results was the influence of 
the enzyme and substrate concentration on the glucose equivalent. 
In Experiment 2, Table II, 10 cc. of extract gave a higher glucose 
equivalent than did 5 cc. In Experiment 3, Table II, 400 mg. of 
glycogen gave a higher glucose equivalent than did 600 mg. of 


Taste II 
Hydrolysis of Glycogen by Dialyzed Extracts of Muscle 





Period of ge Reducing | Giucose 
inepense” equivalent 


Experi- | Volume of 
ment No.| extract | hydrolysis 








mg. per cent 
106 32 
145 36 
338 48 
411 59 
183 
272 
241 
369 61 





cocccoc S82 F 





SER SRRSESR FT 
egegegzes:|| 




















* The mixtures with dialyzed extract contained no reducing substance 
initially. 


glycogen. In this connection it should be observed that in Experi- 
ments 3 and 4, Table I, and Experiments 2 and 3, Table II, where 
glycogen was completely hydrolyzed, the glucose equivalents were 
higher than 40, while in Experiments 1, Tables I and II, where 
glycogen was not completely hydrolyzed, the glucose equivalents 
were lower than 40. Experiments will now be reported, the results 
of which help to explain those shown in Tables I and II. 

Maltase in Muscle Extracts—To show that the muscle extracts 
contained maltase experiments were carried out in which dialyzed 
extract prepared at different times was incubated at 37° with about 
100 mg. of maltose dissolved in water to which 5 cc. of phosphate 
buffer, pH 6.4, were added. In Experiments 1 and 3 the total 
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volume was made to 50 cc. and in Experiment 2 to 25 ce. The 
reducing power of the mixtures was determined immediately after 
mixing and again some hours later. The results given in Table III 
demonstrate the maltase activity of the extracts. That this was 
a property of the muscle was proved by Experiment 3 in which 
muscle was taken from the hind limbs of a rabbit after the limbs 
had been perfused free from blood with saline. 


Taste III 
Hydrolysis of Maltose by Dialyzed Extracts of Muscle 


Reducing substance 





Experiment Volume of Period of 
No. extract hydrolysis 





Final 





ce. hrs. > mg. 
2.5 42 : 59.1 
3.0 42 78.3 
5.0 48 76.0 




















Tasie IV 
Inhibition of Maltase by Glycerol 
Volume of extract 5 cc.; hydrolysis period, 20 hours. 





Reducing substance Inhibition by 


i - ve ——F glycerol 
* gly yce 
iti Final 








per cent 


64 


76 

















Inhibition of Maltase by Glycerol—To show that glycerol inhibits 
maltase duplicate experiments were carried out in which about 
100 mg. of maltose dissolved in water were added to dialyzed 
extract in the presence of 5 cc. of buffer, pH 6.4. To one mixture 
2.5 ec. of glycerol were added and the volume was made to 25 cc. 
with water. To the control no glycerol was added. The results 
given in Table IV demonstrate the inhibition of maltase activity 
by glycerol. It was proved that glycerol in the concentrations 


! Wigglesworth (6) observed that maltase from the cockroach was in- 
hibited by glycerol. 
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used in these experiments had no influence on the reducing power 
of glucose. 

Inhibition of Muscle Amylase—To show that the products of 
glycogen hydrolysis by muscle extract inhibit the hydrolysis of 
glycogen and to compare this property of the products with malt- 
ose and glucose the following experiment was carried out. To 
Flasks A, B,C, and D, 5ec. of phosphate buffer, pH 6.4, were added. 
Glycogen was previously dissolved in the buffer, so that 5 cc. of 
solution contained glycogen equivalent to 332 mg. of glucose. To 
Flask A were added 10 cc. of water, to Flask B 10 ce. of a concen- 
trated aqueous solution of glycogen hydrolysis products, to Flask 


TaBLe V 
Inhibition of Muscle Amylase by Certain Sugars 

















Hrs. 
Sugar added to o | 17| 23 | 144) o | 17 | 23 | 144] 17 | 23 | 146 
Flask glycogen-extract iia 
, mixture Inhibition of 
Glycogen Reducing substance gly n 
hydrolysis 
mg. | mg. | mg. | mg. | mg. | mg. | mg. | mg ee ee p aad 
A | Control 332] 121; 82) 38; 0} 75) 92) 182; 0; 0} O 
B | Glycogen _hy- 
drolysis prod- 
ucts 332) 245) 206) 123) 212) 255) 268) 377) 59 | 50 | 29 
C | Maltose 332} 218) 179) 99) 342) 401) 418) 523) 46 | 39 | 21 
D | Glucose 332} 150) 109) 55) 792) 851) 863) 950) 14 11 | 6 






































C 10 cc. of maltose solution, and to Flask D 10 ce. of glucose 
solution. To each flask were added 5 cc. of dialyzed extract (equal 
to about 2.5 cc. of undialyzed preparation) and 12 mg. of sodium 
chloride. The amount of sugar added to Flasks C and D was 
approximately 0.8 gm., while that added to Flask B was approxi- 
mately 0.7 gm. The sugar solution added to Flask B was obtained 
by incubating glycogen with dialyzed extract fer a few hours, so 
that some glycogen was left unhydrolyzed. To this digestion 
mixture 2 volumes of absolute alcohol were added and the mixture 
was allowed to stand in the ice box overnight so that unchanged 
glycogen was precipitated. The mixture was then centrifuged, 
the precipitate was discarded, and the supernatant liquid was 
poured off and evaporated almost to dryness on the steam bath. 
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The syrupy residue was taken up in water and 10 ce. of the solution 
were added to Flask B. The solution had a glucose equivalent of 
30 per cent. The results given in Table V show that the products 
of glycogen hydrolysis inhibited the hydrolysis of glycogen, thus 
confirming the finding of Barbour (3). The results also show that 
the products of hydrolysis inhibited slightly more than maltose 
but that both of these were much more effective than glucose. 

As a logical outcome of the above experiments it seemed desira- 
ble to consider whether muscle extract could convert glycogen 
completely to glucose. This was of added interest because, so 











Taste VI 
Hydrolysis of Glycogen to Glucose by Dialyzed Extracts of Muscle and 
Liver 
Period , 
ment “— bh hydrol- ~—— substance ie 
No, | extract ysis | Initial | Final |Decrease| i™°Teaee 
ce. hrs. mg. mg. mg. mg. per cent 
1 5.0 Muscle 48 47.3) 0.0 47.3} 47.7 100 
5.0 a 48 94.7; 0.0 94.7} 81.9 86 
5.0 “ 48 | 900.0 | 71.3 | 828.7 | 408.0 49 
2 3.5 .- 45 54.2/| 0.0 54.2) 51.0 O4 
3.5 - 45 108.4; 0.0 | 108.4{ 90.2 83 
1.75 ° 45 126.1 | 0.0 | 126.1 | 77.4 48 
3 3.5 Liver 45 54.2| 0.0 54.2] 55.2 102 
3.5 5 45 108.4 | 0.0 | 108.4 | 107.0 98 
1.75 - 51 126.1 | 16.6 | 109.5 | 95.4 87 





























far as is known to the author, the quantitative conversion of 
glycogen to glucose by tissue extracts has not hitherto been 
reported. 

Complete Hydrolysis of Glycogen by Tissue Extracts—To show the 
quantitative conversion of glycogen to glucose experiments were 
carried out in which varying small amounts of glycogen were incu- 
bated with dialyzed extracts of muscle and liver. The experiments 
were carried out as usual in phosphate buffer, pH 6.4, with added 
sodium chloride and the volume of the hydrolysis mixtures was 
always 50 c¢. Liver extracts were introduced at this stage because 
it was found that they were extremely rich in maltase. The 
results of these experiments are shown in Table VI. 
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Experiment 1 shows that with the particular lot of muscle 
extract used conversion of glycogen to glucose was complete with 
about 47 mg. of glycogen in 48 hours but that in this time 94 mg. 
of glycogen were hydrolyzed to give a product whose glucose 
equivalent was 86 per cent. That the incompleteness of the 
hydrolysis to glucose in this experiment was probably not condi- 
tioned by the amylase is made clear by the fact that the same 
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Fie. 1. The hydrolysis of glycogen and maltose by muscle and liver 
extracts. Curves A to F, 3.5cc. of extract; Curves G to H, 1.75 ce. Curve A, 
liver extract plus 95.4 mg. of maltose; Curve B, liver extract plus 54.2 mg. 
of glycogen; Curve C, liver extract plus 108.4 mg. of glycogen; Curve D, 
muscle extract plus 54.2 mg. of glycogen; Curve E, muscle extract plus 95.4 
mg. of maltose; Curve F, muscle extract plus 108.4 mg. of glycogen; Curve 
G, muscle extract plus 126 mg. of glycogen; Curve H, liver extract plus 126 
mg. of glycogen. 


amount of extract in the same time hydrolyzed 829 mg. of glycogen. 
By incubating the extract used in Experiment 2 with maltose, it 
was possible to show that the completeness of the conversion to 
glucose by muscle extract was dependent upon the maltase activity. 
Experiment 3, with liver extract, showed, however, that where the 
maltase activity was strong and the amylase activity weak the 
conversion of a given amount of glycogen to glucose was dependent 
upon the amylase activity. The complete results of Experiments 
2 and 3 are shown in Fig. 1. 
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DISCUSSION 


If a given amount of glycogen were hydrolyzed to maltose, the 
product of hydrolysis would have a glucose equivalent of 43 as 
measured by the Shaffer-Hartmann method. If a glycogen hy- 
drolysis product were found to give a glucose equivalent less than 
43, this could be explained as due either to the formation of a com- 
pound more complex and less reducing than maltose, for instance 
a trisaccharide, or to the formation of some non-reducing com- 
pound, like dextrin, along with maltose. Experimental evidence 
has been given for the former view by Barbour (3) and for the 
latter by Carruthers and Lee (1). It is a common experience that 
when starch is acted upon by amylase preparations the yield of 
maltose is 70 to 80 per cent of the theoretical. Pringsheim (7) 
accounts for this on the basis of starch being composed of 
amylose and amylopectin. Amylase readily hydrolyzes amylose 
entirely to maltose, but amylopectin is hydrolyzed partly to malt- 
ose and partly to a “limit dextrin.”” Pringsheim (8) has presented 
convincing evidence that amylopectin and glycogen are either the 
same or very closely related compounds. Therefore amylase 
would be expected to hydrolyze glycogen to dextrin and maltose. 
Wohl and Glimm (9) showed that maltose inhibited amylase 
hydrolysis of starch and dextrin. This has been confirmed for 
muscle amylase and glycogen. The fact that hydrolysis products 
of glycogen were found to inhibit rather more strongly than maltose 
is taken to mean that those products contained dextrin as well as 
maltose. It seems significant that glucose equivalents of less than 
30 were not observed either in these experiments or in Barbour’s, 
although in the latter much shorter periods of hydrolysis were 
studied than are shown here. As pointed out previously this is 
interpreted as showing the formation of about 70 per cent of 
maltose and 30 per cent of dextrin. It has been shown that glyc- 
erol extracts of muscle contain maltase. If glycogen were hydro- 
lyzed to maltose by muscle amylase, the maltase present would 
hydrolyze maltose to glucose. Glucose equivalents higher than 43, 
the maximum possible for maltose, would therefore be expected. 
Now maltose has been shown to slow down the hydrolysis of glyco- 
gen and dextrin by amylase and glucose has been shown, by Henri 
and Philoche (10), toslow down the hydrolysis of maltose by maltase. 














544 Glycogen Hydrolysis 


Therefore when dialyzed extracts of muscle are incubated with 
glycogen, complete conversion of glycogen to glucose could be 
expected only when the amount of glycogen is small relative to 
the amount of extract. With high concentrations of glycogen, 
products with varying glucose equivalents would be expected, such 
as are shown in Tables I and II. It is possibly significant that in 
these experiments the highest glucose equivalents were between 60 
and 70. Glycerol has been shown to inhibit the hydrolysis of 
maltose by the dialyzed extract of muscle and therefore experi- 
ments, in which undialyzed extract was used, would be expected 
to give low glucose equivalents. That the glucose equivalent in 
Experiment 3, Table I, was high can be accounted for by the fact 
that the glycogen was entirely hydrolyzed and the maltase activity 
was not entirely inhibited. 

The experimental results in Table VI bear out the above dis- 
cussion. Complete conversion of glycogen to glucose was possible 
only with relatively small amounts of glycogen. Within certain 
limits this was dependent upon the maltase activity of the extracts, 
as is made clear in Fig. 1. The limitation is expressed because if 
amylase activity is relatively weak, as it was found to be in liver 
extracts, then complete conversion to glucose, even in the presence 
of rich maltase activity, is dependent upon amylase activity. A 
ready explanation of these results is that amylase hydrolyzes 
glycogen to maltose and dextrin. Dextrin is itself only slowly 
hydrolyzed by amylase to maltose. Both of these processes are 
inhibited by maltose. Maltase, by hydrolyzing maltose to glucose, 
facilitates the amylase action, but is itself inhibited by glucose. 
The ability of extracts to convert glycogen entirely to glucose is 
then dependent finally on the content of amylase and maltase. 
It is interesting that liver extracts present conditions highly suited 
for a process which is known to occur so readily in the tissue. 

No mention has been given in this discussion to the réle of com- 
plement, a factor which Pringsheim and his coworkers (11) find is 
necessary for the hydrolysis of “limit dextrin” to maltose by pan- 
creatic amylase. Evidence for a complement has not been found 
in these experiments, and, as the main results were obtained by 
the use of thoroughly dialyzed extracts, it seems that the muscle 
and liver amylase preparations must have been free of any such 
compounds. It is, nevertheless, possible that in the intact tissue 
the liver and muscle amylases are influenced by a complement. 
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SUMMARY 


The hydrolysis of glycogen by glycerol extract of rabbit muscle 
results in the production of a mixture of sugars. 

Extract, prepared by the method used in the experiments, is 
shown to contain maltase as well as amylase. Maltase is shown 
to be partly inhibited by glycerol and, consequently, the hydrolysis 
of glycogen by extract dialyzed free from glycerol produces more 
glucose than is produced by undialyzed extract. 

Experiments are shown in which the complete conversion of 
glycogen to glucose was brought about by extracts of muscle and 
liver. 

The experiments are believed to support the view that muscle 
(and liver) amylase hydrolyzes glycogen partly to maltose and 
partly to dextrin. 


The author is indebted to Dr. A. C. Liu, of the Department of 
Physiology, for perfusing the hind limbs of a rabbit. 
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CHEMICAL CHANGES IN BLOOD AND INTESTINAL JUICE 
PRODUCED BY THE LOSS OF INTESTINAL JUICE* 


By R. C. HERRIN 
(From the Department of Physiology, University of Wisconsin, Madison) 
(Received for publication, December 3, 1934) 


The réle of the loss of gastrointestinal secretions in the patho- 
genesis of intestinal obstruction has become recognized as one of 
great importance. The chemical changes produced by the loss of 
gastric juice have been studied by MacCallum and coworkers (1), 
Haden and Orr (2), Gamble and Ross (3), Hastings, Murray, and 
Murray (4), and Dragstedt and Ellis (5). The changes produced 
by the loss of pancreatic juice have been studied by Elman and 
McCaughan (6), Gamble and McIver (7), Elman and Hartmann 
(8), and Dragstedt and coworkers (9). Similar studies on the 
loss of the secretion of the intestine are lacking. The report of 
Herrin and Meek (10) that distention of jejunal fistule in dogs pro- 
duced the chemical changes in the blood as well as the symptoms 
and signs of intestinal obstruction made it seem desirable to study 
extensively the chemical composition of succus entericus and the 
effect of its loss on the chemical composition of the blood. 


EXPERIMENTAL 


With surgical asepsis, Thiry fistula were made in seven dogs, 
the continuity of the intestine being restored by lateral anastomo- 
sis. The segment of intestine was taken at the beginning of the 
jejunum and ranged in length from 20 to 35cm. After the dogs 
had completely recovered, the fistulous intestine was distended 
continuously with a balloon inflated initially with an air pressure 
of 75 mm. of Hg, which was lowered to 60 mm. when anorexia 
appeared. To allow free escape of the juice a catheter was fas- 
tened at the side of the balloon. With the exception of Dog 65, 


*This work has been made possible in part by a grant from the Wisconsin 
Alumni Research Foundation. 
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all the animals were distended until the onset of coma or other 
signs of approaching terminus, at which time blood samples were 
taken. There were no infections complicating the distention ex- 
periments as shown by the necropsy of Dog 65 and the prompt 
recovery of all the others after transfusion with Ringer’s solution. 





TaBLe I—Chemical Composition of Intestinal Juice and Blood Sert 
The results for Cl, CO,, P, total acid, fixed base, Ca, NH;, and total base are expressed | 


















































Serum 

Dog Weight | Hb | Hema- a. 
ae ort} cr | co | Pp | Total | Fived | cy | Proteig| ‘tio 
| rat 

kg. |per cent | per cent "Ss 

63 N. | 21.7 | 12.0 | 34.0 | 117.1 | 19.9 | 1.3 | 138.3 | 149.6 | 4.6 | 4.97) 3. 
D. 18.6 | 14.7 | 47.0 | 81.6) 18.1 | 2.4 | 102.1 | 132.5 | 5.3 | 6.98} 25. 

107 N. 14.4 | 12.2 | 46.0 | 106.1 | 17.0 | 8.1 | 131.8 | 158.8 5.9 5.8 

D. 12.8 | 13.9 | 538.0 | 72.5 | 17.0) 4.1 93.6 | 144.8 | 5.9 7.64 | 21. 

96 N. 14.1 | 11.0 101.4 | 18.7 | 2.5 | 122.6 | 149.1| 5.6 | 5. 3. 
D. 11.5 | 16.2 | 51.0; 76.0) 15.5) 4.1 | 95.6 | 124.9| 5.6 | 8.48) 10. 

110 N. 14.4/| 9.0} 45.5 | 107.0 | 19.5 | 3.3 | 129.8 | 159.2; 5.0) 5. 7. 
D. 12.1 | 12.2 | 54.0} 70.4/| 14.0) 5.4 | 89.8 | 144.4| 6.4 | 8.8) 20. 
111 N. 19.0 | 12.8 | 40.0 | 104.0 | 23.7| 1.8 | 129.5 | 159.5) 4.3 | 7. 3. 
D. 15.8 | 16.0 | 52.0; 92.9 | 19.3 | 1.5 | 113.7 | 157.8} 5.4 9.39) 10. 

113 N. 13.0 | 12.1 | 33.0 | 111.2 | 20.4; 1.5 | 133.1 | 150.7| 6.5 6. 3 
D. 11.2 | 18.6 | 51.0} 73.9| 6.4] 4.8 85.1 | 135.1 | 9.3 | 10. 9 
114 N. 10.6 | 11.8 | 33.5 | 98.6 | 21.6) 1.5 | 121.7 | 151.3) 5.6 | 5.) 6.1 
D. 8.0 | 17.3 | 47.0 | 82.1] 11.7} 3.5 97.3 | 130.6 | 6.3 8. 5. 
Average change, 

per cent ...... —16 | +42 | +34 | —26 | —20% +60; -—25 | —10 | +18 | +4) +21 





* Except Dog 113. 


Succus entericus, in quantities of 25 to 50 cc., was collected in a 
colostomy bag for chemical analysis just preceding and during the 
period of distention. To promote secretion of the juice before 
distention began, a deflated balloon attached to a glass tube was 
inserted into the fistula. Although samples of juice were collected 
several times during the period of distention, the analyses given in 
Table I for distention were made on juice collected just before 
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termination of the experiment. The samples were centrifuged, 
and the supernatant juice removed and preserved in the cold room 
with toluene. Blood was drawn for analyses before the distention 
experiment began and repeated at the end. These samples were 
taken just before the collection of normal succus entericus and the 


i Blood Serum of Normal (N.) Dogs and Dogs with Distention (D.) 
» expressed in milli-equivalents per liter. 









































Succus entericus 
Proteia | ‘ton ci | co, | P | Total | Fixed | wa, | Total | Ca | Protein|  Tetany 
per end | Pe" aren 
4.97) 3.9) 117.1 | 10.6 | 2.5 | 130.2 | 136.8 4.2| 1.87 
6.4% |} 25.2 | 92.9 | 16.0 | 4.8 | 113.7 | 129.6 2.8 | 0.79 | None 
5.89 132.4 | 12.6 | 1.2 | 146.2 | 172.2 3.3 | 1.27 
7.63; 21.5 | 81.7 | 42.5 | 2.2 | 126.4 | 125.5 3.2 | 0.81 | Moderate 
5. 3.1 | 129.5 | 10.6 | 4.8 | 144.9 | 152.7 | None | 152.7 2.31 
8.41/ 10.7 | 104.2 | 55.3 | 1.5 | 161.0 | 123.3 | 48.8 | 172.1 | 2.3 | 0.64 | Slight 
5. 7.2 | 132.3 | 6.4 | 2.5 | 141.2 | 155.4 | None | 155.4 | 4.1 | 1.74 
8.8) 20.4 | 116.9 | 30.4 | 2.9 | 150.2 | 122.9 | 42.1 | 165.0 | 2.7 | Trace | Severe 
7. 3.9 | 125.0 | 18.2 | 2.8 | 146.0 | 155.3 | None | 155.3 | 4.8 | 1.53 
9. 10.9 | 135.5 | 15.9 | 2.5 | 153.9 | 158.5 | 19.3 | 177.8 | 2.6 | 1.57 | None 
6. 3.5 | 133.1 | 10.9 | 2.7 | 146.7 | 172.2 | None | 172.2 | 7.5 | 1.09 | pH 7.58 
10. 9.4 | 108.2 | 73.1 | 4.4 | 185.7 | 157.3 | 57.7 | 214.8 | 3.5 | 0.13 " 6:8 
Moderate 
5.4) 6.0 | 143.6 | 9.6 | 2.9 | 156.1 | 161.6 | None | 166.6 | 4.4 | 0.33 | pH 7.10 
8.09; 5.2 | 106.8 | 47.7 | 2.8 | 157.3 | 132.6 | 87.2 | 219.8 | 3.6 | 0.17 ” ‘Toe 
| : Slight 
+ +219) —20 | +290) +24 —16 —3l1 




















last sample of the distention period, so that comparison could be 
made of the chemical composition of blood serum and the juice. 
All blood samples were collected under oil from the femoral artery 
and the serum separated from the clot within a few hours. 

The following analytical methods were used: Whitehorn’s ap- 
plication of Volhard’s method for chlorine, Benedict and Theis’ 
for inorganic phosphorus, Van Slyke and Cullen’s for CO, capacity, 
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Fiske’s for fixed base, aeration, and titration for ammonia, a 
modified method of Halverson and Bergeim (11) for calcium, a 
microprocedure for protein nitrogen (11), and a volumetric method 
for blood oxygen. The analytical data for the electrolytes are 
expressed in milli-equivalents per liter in order to make an acid- 
base balance. Blood viscosity was measured by a comparison of 
the rate of flow of water and oxalated blood through a capillary 
tube. 

Composition of Normal Succus Entericus—The inorganic chemi- 
cal composition of the normal succus entericus is very similar to 
that of blood serum. In three of the seven animals there was 
normally 7 to 14 per cent greater concentration of fixed base in the 
juice than in the serum, whereas in the others there was about the 
same or slightly less concentration than in the serum. Six of the 
dogs showed from 20 to 46 per cent greater concentration of chlor- 
ine in the juice thanin the serum. These values for fixed base and 
chlorine are very similar to those found in one cat by Gamble and 
McIver (12). The concentration of —HCO;, which was deter- 
mined in the same way as serum CO, capacity, showed great vari- 
ability in normal juice, ranging from 6.4 milli-equivalents to 18.2. 
Generally, the —HCO,; concentration was low when the chlorine 
was high and vice versa. It was always less than that of the serum, 
ranging from 23 to 66 per cent less than in normal serum. Since 
only a very small proportion of the CO, is liberated by reduced 
pressure, it can be considered almost entirely as bicarbonate. 
With two exceptions the juice contained much more acid-soluble 
phosphorus than did the serum. In five out of seven cases, cal- 
cium of the serum was of greater concentration than that of the 
juice. There was an average of 1.5 per cent protein, which un- 
doubtedly represents a product of secretion rather than trans- 
udation. 

The influence of the extrinsic nerves on the composition of suc- 
cus entericus has been studied by several people. Mendel (13) 
showed that the juice secreted by a denervated intestinal loop in 
dogs contained invertase and erepsin. Savitch and Sochestven- 
sky (14) concluded that the vagus in the cat contained both secre- 
tory and inhibitory fibers to the intestine. Kubikowski (15) 
demonstrated that pharmacological excitation of the vagi in dogs 
diminished the concentration of amylase and lipase but increased 
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the content of invertase. Rouviére and Valette (16) concluded 
that sectioning the extrinsic nerves to an intestinal loop in dogs 
did not change its secretion of erepsin. Thoracic vagotomy in 
three of our dogs did not change the erepsin content of their suc- 
cus entericus as determined by Sgrensen’s formol titration. 
Sympathectomy also had no demonstrable effect. To deter- 
mine whether the extrinsic nerves had any influence on the con- 
centration of electrolytes and dry matter content of succus enteri- 
cus, we sectioned the splanchnic nerves in two dogs, the vagi in 
two, and both vagi and all sympathetic nerves to the intestine in 
three others. The analyses showed considerable variation but 
there was no apparent change in the composition of the juice after 
the various denervations. Therefore, we conclude that the secre- 
tion of normal succus entericus may proceed entirely independently 
of the extrinsic nerves. 

Effect of Intestinal Distention on Succus Entericus—The sample 
of juice taken at the initial appearance of anorexia, which was 
usually the 4th day of distention, showed practically the same 
chemical composition as normal juice. However, as the distention 
continued, certain definite changes in the composition of the juice 
appeared. The concentration of chlorine showed a decrease of 11 
to 38 per cent. This decrease is probably due to a decrease in the 
concentration of plasma chlorine. However, the striking phe- 
nomenon is not that a decrease in juice chlorine occurred but that 
the chlorine of the juice was maintained at a much higher concen- 
tration than in the serum throughout the period of distention. 
This physiological capacity of the intestinal glands to withdraw 
chlorine from the blood stream, even though the latter is greatly 
depleted of its chlorine, undoubtedly operates in intestinal obstruc- 
tion to promote dechlorination of the tissues. A marked lowering 
of plasma chlorine is no protection against further losses. Paral- 
leling this chlorine decrease, there was an enormous percentage 
increase in the concentration of —HCO,, ranging from 50 to 570 
per cent. It is to be noted that Dogs 113 and 114 showed 570 
and 400 per cent increase in juice —HCO, respectively and this in 
spite of the condition that their serum CO, capacity had decreased 
in the former to one-third and in the latter to about one-half of 
the normal. In a previous paper (10) we reported a marked re- 
duction in the NaCl content of the intestine. Calculated on the 
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basis of the water content of the tissue, this represented a decrease 
of 84 milli-equivalents of Cl per liter in one animal and 45 milli- 
equivalents of Clin another. On the other hand, the increases of 
—HCO; in the juice, as reported in Table I, were 30, 45, 24, 62, 
and 38 milli-equivalents per liter. A comparison of these two 
sets of values makes it seem most likely that the concentration of 
—HCO; ions in the juice was increased to compensate for the 
reduction in the concentration of chlorine. Consequently, the 
conclusion can be drawn that the intestinal glands secrete chlor- 
ine and —HCO; quite independently of their concentration in the 
blood. 

A very significant change in the base of the juice appeared in 
the latter part of the distention period. In six of the seven dogs 
the concentration of fixed base progressively decreased during 
distention and at the end of the experiment was 5 to 27 per cent 
lower than at the beginning. In Dog 107 the decrease was so 
great that the total acidic ions exceeded the concentration of fixed 
base. This suggested the presence of another base, and in five sub- 
sequent experiments when the fixed base decreased, ammonia was 
found in significant quantities, which increased markedly as the 
distention continued. This ammonia could not have arisen from 
the processes of digestion or putrefaction because it was not de- 
tected in the normal juice and also the fistulous loop had no direct 
connection with the rest of the gastrointestinal tract. Further- 
more, since with the method used no ammonia was detected in the 
serum at the end of the distention period but considerable quan- 
tities were shown in the juice, the ammonia must have been se- 
creted by the intestinal glands. 

It is not entirely clear what factors cause these glands to sub- 
stitute ammonia in their secretion for some of the fixed base. 
They may be sensitive to very small decreases in fixed base or pH. 
We attempted pH determinations on the serum with a quinhy- 
drone electrode. The readings seemed too low, but they did 
indicate a lowering of serum pH during the experiment. The pH 
of the succus entericus increased in one case from 7.58 to 8.12 and 
in another from 7.10 to 7.70. This supranormal elevation of the 
pH of the juice would indicate that some other factor than a de- 
crease in the pH of the glandular protoplasm was responsible for 
the ammonia secretion. Furthermore, this ammonia secretion 





Ss ae 


eo 


Oo tt re + —- OO BB Ft a © 


a i ee ee ee | 


R. C. Herrin 553 


could not possibly be considered as evidence of any toxemia either 
in intestinal distention or intestinal obstruction. The compensa- 
tory substitution of ammonia for the reduction of fixed base in the 
juice definitely rules out this interpretation. It seems most 
probable that slight decreases in the blood base excite the ammo- 
nia mechanism in the intestinal glands just as has been postulated 
by Gamble, Ross, and Tisdall (17) for the excretion of ammonia by 
the kidney. It may well be that the intestine substitutes ammo- 
nia in other cases of base deficiency as is the case in the acidosis 
of ketosis or nephritis. 

A survey of the literature indicates that this use of the ammonia 
mechanism is a new finding in the physiology of the intestine. In 
1926, Bliss (18) reported the presence of ammonia in the vomitus 
of nephrectomized dogs. However, Benedict and Nash (19) 
criticized his report on the basis that the source of ammonia in 
Bliss’ experiments could have been the processes of digestion and 
putrefaction in the gastrointestinal contents and as evidence for 
this possibility they cite the finding of considerable ammonia in 
the stools of two normal fasting dogs. Their criticism is a legiti- 
mate one and apparently the present status of this problem rests 
upon the statement of Benedict and Nash (19) that in their opin- 
ion Bliss had not demonstrated the excretion of ammonia into the 
gut under any circumstances. 

Not only did distention alter the chemical composition of the 
juice but it also greatly accelerated the rate of secretion, the 
increase ranging from 170 to 576 per cent. This juice poured out 
in response to distention is a true secretion and not a transudate 
for the following reasons. During the first 3 or 4 days of disten- 
tion it has about the same concentration of electrolytes as normal 
juice. Later in the period of distention, the concentration of 
chlorine, bicarbonate, and ammonia may be many times that in 
the corresponding blood plasma. The erepsin activity of normal 
juice and juice during distention was compared by the method of 
Sgrensen’s formol titration. Such studies made on seven dogs 
showed no difference between the two juices. Furthermore, 
curves for the rate of sucrose hydrolysis were very similar for the 
normal and distention juice. 

Chemical Changes in Blood Serum Caused by Loss of Succus En- 
tericus—A comparison of the inorganic chemical composition of 
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plasma and juice indicates that the loss of succus entericus repre- 
sents the loss of the electrolytes from an approximately equal 
volume of plasma. To illustrate its extent, the data on Dog 110 
may be cited. About 500 cc. of succus entericus might be lost in 
24 hours. This would be equivalent to about 85 per cent of the 
total plasma fixed base and 108 per cent of the total plasma chlor- 
ine. For protection against this excessive loss of electrolytes, the 
animal has recourse to the food ingested and his bodily stores. 
Usually after 3 or 4 days of distention, the dog ceases to eat. 
After an additional period of 3 or 4 days the dog shows terminal 
signs and the chemical analyses of the blood serum reveal the 
animal’s incapacity to balance this loss of electrolytes. These 
chemical changes in the serum can be attributed almost entirely 
to the loss of succus entericus since the volume of the dog’s vomi- 
tus was insignificant. 

The greatest percentage change occurred in the serum chlorine; 
the range, except for Dog 111, extends from a 25 to a 34 per cent 
reduction. This reduction in chlorine must mean that the bodily 
stores of chlorine are less than of fixed base; otherwise the reduc- 
tion in serum chlorine would not be so severe. Contrary to what 
one might expect from the lower concentration of serum chlorine, 
the CO, capacity of the serum never increased; in two cases it 
showed little or no change and in five cases marked reduction. 
The reduction of serum CO, capacity in these dogs, as well as in 
those included in an earlier report (10), was caused by the secre- 
tion of a large amount of bicarbonate into the succus entericus. 
Consequently, the serum of animals losing jejunal secretion showed 
a marked reduction in both bicarbonate and chlorine with the 
value of R' increasing 1.4 to 2.8 times its normal. 

There are conflicting reports in the literature in regard to the 
changes of serum CO, capacity in intestinal obstruction. Hast- 
ings, Murray, and Murray (4) and Armour and coworkers (20) 
have reported high values for jejunal obstruction. On the con- 
trary, Haden and Orr (21) and Haebler (22) report experiments in 
which there was a small increase in CO, capacity and even a de- 
crease in some cases. As a matter of fact, the presence of an al- 
kalosis or a tendency toward acidosis in intestinal obstruction 
will depend upon the relative amounts of gastric, pancreatic, or 


1R = total base — (Cl + HCO, + P). 
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intestinal secretions lost. If the fluid lost is predominantly gas- 
tric, alkalosis results; if succus entericus, with its high content of 
bicarbonate, there can be no alkalosis. 

Serum inorganic phosphorus increased markedly in the case of 
four dogs and decreased in one animal. This result is in agreement 
with those reported for intestinal obstruction by Hastings, Murray, 
and Murray (4), Atchley and Benedict (23), Guest and Andrus 
(24), and Cataliotti (25). Atchley and Benedict attributed the 
rise in serum phosphate to failure of the kidneys to excrete the 
endogenous phosphorus. In view of the reduced blood volume and 
dehydration this may be an important factor. However, in animals 
subject to intestinal distention, although urine excretion may 
decrease almost to one-half the normal (10), it would seem that 
this volume together with the appreciable amount of phosphorus lost 
in the juice would still be sufficient to clear the blood of waste 
phosphate. For example, in the case of one dog, the average nor- 
mal daily excretion of inorganic phosphorus in the urine was 0.335 
gm., which decreased to an average of 0.122 gm. during the first 
4 days of intestinal distention. Moreover, in addition to the in- 
organic phosphate in the urine, about 4.18 gm. of inorganic phos- 
phorus would be lost daily in the escaping juice. It is to be noted 
in Table I that the concentration of inorganic P in the juice showed 
an average increase of 24 per cent at the end of the distention ex- 
periment. The blood of this dog after 4 days of distention 
showed a normal non-protein nitrogen, 24.4 per cent reduction in 
chlorine, and 119 per cent increase in serum inorganic phosphorus. 
Similar results were obtained on a second animal, so that un- 
doubtedly the elevation of the serum inorganic phosphate is caused 
by other factors than renal insufficiency. Guest and Andrus 
upon finding elevated values for serum phosphate in dogs with 
intestinal obstruction when the non-protein nitrogen was still 
normal were inclined to discount renal insufficiency as a cause for 
the rise in phosphate. Furthermore, they found a much greater 
increase in the ester phosphorus of the blood cells than any other 
phosphorus fraction and this increase closely corresponded with 
the decrease in cell chloride. This increased amount of ester 
phosphorus in the cells they considered to be retained by the base 
as a substitute for the lost chlorine. The relatively smaller 
change in the concentration of blood base than of chlorine lends 
support to their explanation. 
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The serum calcium in five of the dogs rose 12 to 28 per cent. 
This also is in harmony with the reports of Hastings, Murray, and 
Murray (4) and Cataliotti (25) for intestinal obstruction. This 
elevation of calcium might represent an accumulation of non- 
diffusible Ca due to reduced plasma volume and increased serum 
protein. However, the values for Ca calculated from the formule 
of Hastings, Murray, and Sendroy (26) and Peters and Eiserson 
(27) are much lower than the experimental values. 

Five of the seven animals showed tetany varying in degree from 
slight to severe. This tetany consisted of fleeting fibrillary con- 
tractions of the muscles, particularly of the shoulder girdle and 
face. They were generally spontaneous or could be elicited by 
lightly tapping the muscles. The patellar tendon reflex was also 
hyperactive. Even though the serum calcium remained normal 
in two cases of tetany and increased in the others, it was thought 
that there might have been a sufficient decrease in the diffusible 
calcium to cause the tetany. As a measure of the diffusible form, 
the calcium content of the cerebrospinal fluid was determined 
before and at the end of the experiment in three dogs. In Dog 63 
the cerebrospinal fluid Ca decreased from 2.4 mg. per cent to 
1.98; in Dog 96 it decreased from 2.3 mg. per cent to 2.28; and in 
Dog 107 it rose from 2.44 to 2.68. These data indicate that 
there was not a sufficient change in this form of Ca to account for 
the tetany. Furthermore, intravenous injection of CaCl, in 
some cases would stop the tetany for only a short time, and in 
other cases it had no apparent effect. Intravenous transfusion of 
about 200 cc. of Ringer’s solution might stop the tetany temporar- 
ily, but as the transfusion continued the tetany would reappear as 
violently as before. Moreover, alkalosis was not an etiologic 
factor in this tetany because there occurred a marked reduction 
of the serum CO, capacity and in Dogs 113 and 114 there was an 
actual decrease in serum pH. These observations together with 
that of an actual increase in serum Ca and P concentrations make 
it seem most unlikely that the tetany could be related to changes 
in these elements. The most probable cause for the tetany lies 
in the changes produced in the distribution of nerve and muscle 
electrolytes, because of their loss in the succus entericus. 

The serum fixed base decreased in all animals, with most all of 
the decrements ranging between 10 and 16 per cent. Inasmuch as 
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the juice had about the same concentration of fixed base as serum, 
the magnitude of the decrease seems remarkably small. How- 
ever, in these experiments the substitution of ammonia for some 
of the fixed base in the intestinal juice is probably the most re- 
sponsible factor in the prevention of a greater reduction of serum 
base. * 

The question might be raised as to whether the 26 per cent reduc- 
tion in serum chlorine produced greater disturbance in the ani- 
mal’s physiology than the 10 per cent reduction in serum base. 
As a result of experimental studies on pyloric obstruction Gamble 
and Ross (3) thought that the loss of base was the more important 
factor in causing dehydration because the loss of chlorine could 
be compensated by increasing the concentration of —-HCO,; ions. 
However, in these experiments, the chlorine reduction was not 
balanced by an increase of —-HCO, ions, with the result that the 
concentration of total acidic ions decreased on the average 25 per 
cent. This decrease in concentration of anions was certainly suf- 
ficient to modify greatly the water-holding capacity of the tissues 
as well as other factors in their general physiology. On the other 
hand, a 10 per cent reduction of serum base though a relatively 
small change may be more detrimental to the organism. The 
utilization of the intestinal ammonia mechanism at even smaller 
changes in serum base indicates a high degree of sensitivity to 
decreases in serum base. Probably the most likely conclusion is 
that, although the organism is much more tolerant to changes in 
concentration of anions than cations, in these experiments the 
changes in either one have reached the lethal margin. Further- 
more, the electrolyte composition of the serum at the end of the 
distention experiment is a very inadequate measure of the severity 
of the loss of electrolytes from the organism. It is to be noted, 
first, that the animal loses approximately in every 24 hours 
the equivalent of all of its plasma electrolytes. After the onset 
of anorexia the tissue electrolytes are used to replenish the loss 
from the blood stream. Secondly, at the end of the experiment 
30 to 40 per cent of the plasma volume with its electrolytes has 
been lost. Consequently the blood and tissues have been 
drained of their electrolytes to a much greater degree than is 
indicated by the mere reduction of 26 per cent in chlorine and 10 
per cent in the fixed base concentrations of the serum. 
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In contrast to these extensive changes in serum electrolytes, Dog 
111, in Table I, showed practically no change and yet displayed 
similar signs of imminent termination as did the other dogs. The 
only marked chemical change was the 25 per cent increase in con- 
centration of serum proteins. This was the result of reduced 
plasma volume, as evidenced by the 37 per cent increase in hemo- 
globin concentration and hematocrit reading. This dog demon- 
strates the importance of estimating plasma volume along with 
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the chemical changes in experimental study of intestinal obstruc- 
tion. As additional evidence of blood volume changes the other 
six dogs showed increases of 22 to 66 per cent in hemoglobin and 15 
to 27 per cent in hematocrit. 

These marked reductions in plasma volume are quite sufficient 
to cause profound disturbance in the physiology of the circulation. 
In Table II are reported the findings of studies made on blood 
viscosity and oxygen. All five animals showed high values for 
blood viscosity at the end of the distention period. In four ani- 
mals the percentage increase in viscosity was from 113 to 190. 
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Most of this increased viscosity was produced by the great in- 
crease in the relative number of blood cells, since the data show a 
correspondence between the increase in viscosity and hematocrit, 
and also, to a lesser extent, the rise in concentration of plasma pro- 
teins is a factor. Although the anhydremia and increased viscos- 
ity undoubtedly greatly interfered with capillary circulation, the 
actual demonstration of the physiological deficiency of the circu- 
lation under these conditions may be seen in the data of Table II 
on the oxygen content of the blood. All the dogs, except Dog 
107, showed a marked increase in the volume per cent of arterial 
oxygen during distention, but the blood, because of its reduced 
plasma volume and corresponding Hb concentration, had a greatly 
increased oxygen capacity, so that the per cent saturation actually 
decreased in all animals, particularly in Dogs 107 and 110. From 
the oxygen dissociation curve of Bohr, Hasselbalch, and Krogh 
(28) for dog blood, the arterial oxygen tension was estimated and 
in Dogs 107 and 110 it was only 57 and 65 per cent respectively 
of the normal. Although, Dogs 113 and 114 did not show such 
reduction in arterial saturation, the estimated oxygen tension was 
only 67 and 62 per cent respectively of the normal. These data 
indicate a rather severe degree of anoxic anoxemia. The conclu- 
sion that this anoxemia results in anoxia of the tissues might be 
criticized, because the extremely low venous oxygen is evidence 
that each 100 cc. of the concentrated blood in passing from the 
artery to the vein yields from 2.3 to 3.7 times more oxygen than 
normal blood. On the other hand, in view of the reduced arterial 
oxygen tension, the low venous oxygen may more properly be in- 
terpreted as indicating not only a corresponding low tissue oxygen 
tension but also a greatly reduced blood flow to the tissues, as 
suggested by Keith (29) in cases of anhydremia. The increased 
viscosity already mentioned is in favor of this explanation. Fur- 
thermore, Marriott (30) has reported that in anhydremic infants 
blood flow to the extremities may be less than 10 per cent of the 
normal flow. Since the oxygen tension of arterial blood was low 
enough to produce tissue anoxia and the oxygen content of venous 
blood indicates greatly impaired blood flow, the combination of 
both of these factors in our experiments could only result in severe 
oxygen-want in the tissues. 

Undoubtedly a number of factors are concerned in the produc- 
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tion of this anoxemia. Haden and Orr (31), who have previously 
reported increased blood viscosity and decreased venous oxygen 
in dogs with experimental obstruction of the cardia and pylorus 
of the stomach, attributed their findings to a toxemia. However, 
the anhydremia is probably the most important factor in causing 
this anoxemia. It very likely reduces the volume of blood flow, 
as evidenced by the lowered venous oxygen. A possible explana- 
tion for the lowered oxygen saturation of arterial blood in these 
cases is seen in the perfusion experiments of Ray, Thomas, and 
Strong (32) with concentrated blood in isolated cat heart and lung 
preparations. These workers concluded that concentrated blood 
was about six to seven times as difficult to oxygenate as normal 
blood and suggested that several factors may beinvolved. The in- 
creased amount of hemoglobin passing through the lungs needs 
more oxygen, and, since higher pressure was required to force a 
sufficient amount of oxygen into the blood, the rate of diffusion of 
oxygen into the concentrated blood must have been reduced. In 
their experiments dilatation of the smaller vessels in the lungs had 
occurred and this would require greater diffusion of oxygen into 
the blood. It may well be that all these factors operate in our 
experiments to prevent a normal oxygen saturation of the blood 
by the lungs. Furthermore, it would seem more likely that these 
factors may cause the anoxemia of intestinal obstruction rather 
than any hypothetical toxemia. 

In intestinal obstruction there occurs a loss of the succus en- 
tericus, and, although some of the chemical changes herein re- 
ported may be partially masked by the loss of other digestive 
juices, they nevertheless must be exerting their influence in the 
pathogenesis of this clinical condition. 


SUMMARY 


The concentration of electrolytes in succus entericus approxi- 
mates that of blood serum, although chlorine and fixed base tend 
to exceed that of the serum. The chemical composition and en- 
zyme content of the juice are not affected by sectioning the ex- 
trinsic nerves to the intestine. 

Distention stimulates the secretion of a true succus entericus. 

The continued loss of succus entericus in response to intestinal 
distention caused a change in its chemical composition. There 
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were a decrease in chlorine and fixed base, a great increase in 
bicarbonate, and the appearance of large amounts of ammonia. 

The serum, as a result of the loss of succus entericus, showed an 
average decrease of 26 per cent in chlorine, 20 per cent in bicar- 
bonate, and 10 per cent in fixed base. There was a marked rise 
in the concentration of Ca, P, and serum proteins. 

All animals showed a 30 to 40 per cent reduction of plasma vol- 
ume on the basis of the increased hemoglobin, hematocrit, and 
serum protein. Accompanying this anhydremia there was a great 
increase in the blood viscosity. 

The arterial blood of dogs, subjected to intestinal distention and 
loss of succus entericus, showed a great decline in the percentage 
of oxygen saturation and oxygen tension. The extremely low 
oxygen content of the venous blood, under these conditions, indi- 
cates a very much impeded circulation. These two factors un- 
doubtedly cause a severe degree of oxygen-want in the tissues. 

In the clinical case of intestinal obstruction there occurs a loss 
of the succus entericus. As a result of the chemical changes pro- 
duced by the loss of this juice and the concomitant tissue dehydra- 
tion and anhydremia, anoxemia and anoxia develop. The ex- 


planation for this sequence of changes depends upon definite 
chemical and physiological reactions rather than the action of any 
hypothetical toxin. Experimental animals as well as clinical 
patients with intestinal obstruction die of respiratory failure and 
the actual cause of death is the result of anoxia rather than 
toxemia. 
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The method of Tillmans, Hirsch, and Hirsch (1) for the 
determination of vitamin C' has been extensively used in various 
laboratories. It is a volumetric procedure in which the oxidation- 
reduction indicator, 2,6-dichlorobenzenone indophenol, is applied to 
the estimation of ascorbic acid. Various authors have modified 
the method and have indicated that certain difficulties are occa- 
sionally met. In spite of these difficulties the method is unques- 
tionably an excellent one. However, a convenient quantitative 
procedure which would be as accurate as the Tillmans’ method 
and at the same time avoid some of its drawbacks should prove 
useful. We have devised such a method. 

In studying various reagents we found that an acid ferricyanide 
solution is reduced easily by ascorbic acid. This had been noted 
by Mason (3) in his article describing the determination of reduced 
glutathione by application of the same reaction. This reduction 
occurs with amazing rapidity at a comparatively low temperature. 
In fact, we observed that reduction is practically complete in 3 
minutes at 40°. High temperatures cannot be used—on boiling, 
this reaction is not observed. The amount of reduced ferricyanide 
is measured according to Folin and Malmros’ (4) procedure; .e., 
by treating the solution with ferric gum ghatti reagent. The 
Prussian blue formed is determined colorimetrically. The stand- 


1 An interesting historical review of the discovery of ascorbic acid and 
the identification of this substance with vitamin C has been recently pub- 
lished by von Szent-Gydrgyi (2). 
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ard is a solution of pure crystalline ascorbic acid, now obtainable 
commercially. 

At 40° the acid ferricyanide reagent is not affected by reducing 
sugars, resorcinol, or uric acid. However, it is reduced by sugar 
solutions boiled with alkali, by pyrogallol, and by cysteine. Thus, 
this reagent parallels Tillmans’ in its behavior towards the sub- 
stances mentioned. Glutathione does not reduce the indicator in 
acid solution (5), but in rather high concentrations it does affect 
slightly the acid ferricyanide reagent. Mason (3) found that 2 
mg. samples of glutathione do not reduce potassium ferricyanide 
if the pH is less than 2.0. Furthermore both the indicator (6) 
and this reagent are reduced by certain tannins, but the amounts 
of glutathione and tannins extracted from the plant tissues thus 
far studied have not caused notable errors in the results. How- 
ever, by a preliminary treatment these substances may be removed 
if accurate results are desired. Both the potassium ferricyanide 
and the ferric gum ghatti solutions keep indefinitely. None of the 
reagents requires standardization. The standard ascorbic acid 
solution keeps for 1 day if made according to our directions. 


Preliminary Treatment 


In order to remove all possible interfering substances, such as 
cysteine, tannins, glutathione, proteins, and pigments, recourse is 
had to the recently published method of Emmerie and van Eekelen 
(7). The technique is as follows: Extract 20 gm. (or less) of cut 
animal or plant tissue by grinding with acid-washed sand and small 
portions of hot 8 per cent acetic acid, using a total volume of 100 
ee. Centrifuge the combined extracts and filter if necessary. To 
50 cc. of the extract add 15 ec. of a 20 per cent aqueous mercuric 
acetate solution. The extract should be slightly acid to Congo 
red (purple). If it is too acid, add a pinch of CaCO;. Centrifuge 
and filter if necessary. Test some of the filtrate with mercuric 
acetate to see whether any more precipitate forms and if necessary 
add to a measured volume of the filtrate an additional volume of 
mercuric acetate. Allow H,S to bubble through the filtrate for 
about 5 to 10 minutes, and then filter. Test the filtrate with 
H,S to determine whether all the Hg has been removed. After 
standing overnight, remove the H,S by bubbling nitrogen gas 
through. This takes about 15 minutes. Test whether the fil- 
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trate is free of H.S by adding to a few drops an equal amount of 3 
per cent ammonia water and a few drops of a 1 per cent solution of 
sodium nitroprusside. A bluish purple color indicates H,S. The 
purified extract thus obtained is water-clear and may be used for 
any method. It contains all the ascorbic acid in the reduced form. 

If one desires, the preliminary purification may be omitted. 
In this case, the procedure is the following. Cut a weighed 


Taste I 
Showing Quantitative Determination of Ascorbic Acid* by the Ferricyanide 
Method 





Found Sample No. 





3 


8 

9 
10 
11 
12 
13 
14 


D or 00 es be 
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+ 





* For samples of ascorbic acid we are greatly indebted to Professor 
A. von Szent-Gyérgyi of Szeged University and for a sample of ‘‘redoxon”’ 
(l-ascorbie acid, crystalline vitamin C, synthetic) to Hoffman-La 
Roche, Inc. These and Merck’s crystalline ‘“‘vitamin C-natural’’ showed 
practically the same reducing values. 

t This is the least amount which can be quantitatively determined and 
which is equal to 0.02 mg. of ascorbic acid per gm. of tissue. The smallest 
detectable amount, however, is 0.01 mg. per gm. of tissue. 5 cc. of extract 
used in this method are equal to 2.5 gm. of tissue. ; 

t In the six samples above this was used as a standard. 


amount (10 gm. or less) of plant or animal tissue into small pieces. 
Add about an equal weight of sand and grind in a mortar with 10 
per cent trichloroacetic acid in the case of animal tissue and with 
hot 8 per cent acetic acid when plant tissue is to be tested. Repeat 
the extraction at least twice, using a total volume of 20 cc. of acid 
for each 10 gm. of tissue, and decanting the fluid each time. 
When working with tissues of high vitamin C content, 10 ec. of 
acid for each gm. may be used. The combined extracts should 
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now be centrifuged at high speed and the clear fluid should be 
made to a definite volume with the respective acid. Filter now if 
necessary. If a turbidity persists in the case of a plant extract, 
it is usually due to protein; in such a case, repeat the extraction 
using trichloroacetic acid instead of acetic acid, or use the pre- 
liminary purifying treatment. 


Colorimetric Determination 
To 5 ce. of the clear fluid obtained by either of the above pro- 
cedures, add 2 cc. of the ferricyanide solution. To 1 cc. of the 


TaBLe II 


Ascorbic Acid Content and Recovery of Added Ascorbic Acid of Normal Urine 
before and after Mercury Precipitation by Both Methods 





Indicator method New method 





Ascorbic Ascorbic | Ascorbic 
acid in | Amount | Recov- | acidin | acidin | Amount 
purified added ered original | purified | added ered* 
urine urine urine 


(3) (4) (5) (6) (7) (8) (9) 


ga 
eB 


aan 
N 
~ 





mg. mg. mg. mg. mg. mg. mg. 
0.14 2.5 2.4 ; <0.2 | 2.5 2.41 
0.14 2.5 2.48 ; <0.2 | 2.5 2.60 
0.20 5.0 5.1 ql <0.2 | 5.0 5.10 
0.15 5.0 4.9 : <0.2 | 5.0 4.95 
0.21 5.0 5.01 : <0.2 | 5.0 5.05 
0.10 5.00 5.00 : <0.2 | 5.00 | 5.10 
0.20 5.00 4.98 0. <0.2 | 5.00 | 5.00 


© 
xe $ 


osooce 
SSSEBRR 





























For the original urines a standard of 0.1 mg. was employed for the color- 
imetric method. The values throughout refer to 10 cc. samples of urine. 

* Assuming that one-half the reduction of the original urine is due to 
ascorbic acid. 


standard ascorbic acid solution are added 4 cc. of the respective 
acid and 2 cc. of the ferricyanide solution. Rubber stoppers are 
inserted in both tubes, and the solutions mixed and then placed 
in a water bath at 40° for 3 minutes. They are now cooled and 5 
ce. of the ferric gum solution are added. The blue color develops 
quickly and the colorimetric determination may be made imme- 
diately with the yellow light filter. 

In Table I results of determinations of pure ascorbic acid solu- 
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tions are incorporated. The figures are within the limits of error 
of colorimetric determinations. 

Table II shows results of ascorbic acid determinations carried 
out on normal urines, before and after mercury treatment, as found 


Tasie III 


Vitamin C Content of Plant Tissues As Determined by the Indicator Method 
and the New Method 





Indi- Indi- 
New New 
cator | method —. method 





mg. per | mg. per 
gm. gm. 
Lemon juice , .70| Carrot 0.02 |<0.01 
7 ™ , Sweet almonds 0.00 |} 0.00 
ow .65t Pineapple juice, 0.20 
canned . canned 
Orange : Onion 0.10 
Oranges .50* Eggplant <0.05 
Orange juice 0.60t Peas, fresht 
“ “ee canned r 40 : “ “ 
Cabbage, new .40* “ canned ‘ 0.14 
+ market .22 : . . 
Spinach, fres .92 .0 | Pepper, green . 2.0 
“ “ .62* “ “ 
- canned .18 ; ° sweet red 
* ” .05* Parsley, greens 
Apples, McIntosh, cortex |0.04 . ™ 
wa Newton wonder, |0.053f ” roott 
cortex Parsnips, greens 
Tomato juice 18 , “ roott 
. . 23° Turnips, greens 
© “ canned .23 0.24 is roott 

















* From Bessey and King (9). 

t From Birch, Harris, and Ray (5). 

t Because of the turbidity of the acetic acid extract 10 per cent trichloro- 
acetic acid was used. 


by the two methods. It may be seen that (Columns 2, 3, 6, 7) 
about 50 per cent of the reduction of these urines is due to other 
reducing substances than ascorbic acid, probably conjugated phe- 
nols, cysteine, and other similar compounds. Columns 4, 5, 8, 
and 9 of Table II show that ascorbic acid added to urine is not 
destroyed by precipitation with mercuric acetate. On the con- 
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trary, it may be recovered quantitatively. Our results on the 
normal original (untreated) urines agree with those recently pub- 
lished by Harris, Ray, and Ward (8). 


Tasie IV 
Vitamin C Content of Normal Rabbit and Guinea Pig Tissues 





Vitamin C per gm. Vitamin C per gm. 
rabbif tissue guinea pig tissue 





Indicator New Indicator New 
method method method* method 





0.02 0.03 
1.3 1.5 
0.05 0.07 0.087 
0.10 0.10 0.10 
0.20 0.30 
0.14 0.15 
0.22 0.30 
0.14 

0.088 | 0.02 
<0.02 0.03 

















* As found by Bessey and King (9); Sherma. basal diet and excess 
spinach for 10 days. 


TABLE V 


Vitamin C Content of Some Plants As Obtained after Removal of Interfering 
Substances and Pigments 





Ascorbic acid per gm. 





Indicator method New method 





mg. 
Lemon juice 0.63 
Orange “ 0.59 
1.90 
0.24 
0.10 

Ps chate Wiss C0603 h capes 0.36 
Peas, green 0.19 
Spinach, fresh 0.43 











Table III shows figures which were obtained before the Emmerie 
and van Eekelen procedure was available and are in close agree- 
ment with those published by other investigators (4,9). In Table 
IV are shown similar figures for animal tissues. 
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Table V shows results obtained by both the indicator and the 
new method, when applied to plant extracts purified by the Em- 
merie and van Eekelen procedure, which gives us the total (reduced 
and oxidized) ascorbic acid content. When purified extracts are 
employed, there is better agreement between the results of the two 
methods. 

Among these figures are a number of analyses of materials not 
previously assayed by non-biological methods. It is interesting 
to note that greens of parsley, parsnips, turnips, and beets contain 
much more vitamin C than the roots. 

No biological assays have been made by us, since our results 
check with the titration method to a reasonable degree. Like the 
titration method, this procedure is presumably more accurate than 
the animal method because it is sensitive to small variations. It is 
probable, however, that certain substances may be encountered in 
natural or processed foods which might reduce the ferricyanide 
under these conditions and not have antiscorbutic properties. 
Therefore in certain doubtful instances confirmation with animal 
experiments may be necessary. 


We appreciate greatly the assistance of Mr. D. Mishkind in the 
analytical work. 


Reagents 

1. Potassium ferricyanide solution. An aqueous solution of 0.4 
per cent c.P. potassium ferricyanide. 

2. Ferric gum ghatti solution (Folin and Malmros). Fill a liter 
graduate with distilled water. Suspend in it, on a copper wire 
screen, below the surface, 20 gm. of soluble gum ghatti. After 18 
to 36 hours remove the screen and permit sedimentation. Decant 
or filter. Add to the clear gum solution 5 gm. of anhydrous ferric 
sulfate in 75 ce. of 85 per cent phosphoric acid plus 100 cc. of water. 
Add to the mixture in small portions about 15 cc. of 1 per cent 
KMnQ, solution to oxidize reducing substances in the gum and 
possible traces of ferrous iron in the Fe,(SO,);. After 24 hours at 
room temperature the solution is water-clear and ready for use. 

3. Yellow light filter. See the original paper by Folin and 
Malmros (4). 

For the plunger type of colorimeter a yellow glass light filter 
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(10) may be more conveniently used instead of the stained filter 
paper; in this case the glass filter should be placed above the ocu- 
lar. The yellow light filter absorbs the excess of yellow color due 
to ferricyanide. 

4. Sand, Standard, Ottawa (J. T. Baker Chemical Company) 
or any pure white acid-washed sand. 

5. 8 per cent acetic acid. 

6. 10 per cent trichloroacetic acid. 

7. Standard ascorbic acid solution. Dissolve 25 mg. of pure 
ascorbic acid and 50 mg. of c.P. cystine in 90 cc. of boiling 0.01 n 
HCl. Cool and dilute with distilled water to 100 cc. Cystine is 
used to inhibit autoxidation of the ascorbic acid, which would 
occur rapidly in its absence. In biological material the ascorbic 
acid is almost all present in the reduced form and of course must 
be compared with reduced ascorbic acid. De Caro and Giani (11) 
reported that certain substances, including cystine, have the 
property of protecting ascorbic acid from autoxidation. Without 
cystine, a standard solution of ascorbic acid oxidizes to a great 
extent, even in a few fours. With it, such a standard keeps well 
for 1 day. 
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The purpose of this investigation was twofold: first, to prepare 
an extract of vitamin B as free as possible from extraneous ma- 
terials, especially the mineral elements, and secondly, to find a 
solvent which would completely extract all of the vitamin from a 
material and leave a residue which is inactive. 

A great many solvents for the vitamin have been used, but in 
each case certain disadvantages have made them undesirable for 
experimental work. Probably the best solvent is water containing 
a small amount of acid. Unfortunately, however, water extracts 
much of the mineral matter and other extraneous material. 
Seidell (1929) demonstrated that with hot water approximately 75 
per cent of the vitamin and 25 per cent of the total solids of brew- 
ers’ yeast were removed. Owing to the large quantity of extrane- 
ous material extracted and the difficulty in filtering aqueous ex- 
tracts of dried yeast, this solvent has not been extensively used. 

The results of Levene (1922) in preparing certain purine bases by 
hydrolyzing nucleic acids in strong alcohol acidified by gaseous 
hydrogen chloride suggested the same procedure for preparing a 
potent extract of vitamin B involving the use of a pure organic 
solvent. It was assumed that the vitamin could be separated from 
the split purines, which would settle out in the form of the hydro- 
chlorides, leaving the vitamin in solution. The extract would 
presumably be free from proteins or protein split-products be- 
cause there is practically no hydrolysis of protein in strong alco- 
hol according to Herzig and Landsteiner (1914) who found that 
hydrolysis with gaseous hydrogen chloride occurred to only a 
small extent, even after several hours of boiling. An extract pre- 


* Presented by Stuart Itter to the faculty of the School of Hygiene and 
Public Health at the Johns Hopkins University in partial fulfilment of the 
requirements for the degree of Doctor of Science in Hygiene. 


571 





572 Vitamin B Extraction 


pared in this manner should have only traces of the alkali chlo- 
rides, as the latter salts are quite insoluble in organic solvents, and 
furthermore, they should be rendered still more insoluble by the 
high concentration of chloride ion, according to the law of mass 
action. The fact that Jansen and Donath (1926) found their 
active crystals of vitamin B, more soluble in methyl than in ethyl 
alcohol, and, in addition, the greater solubility of vitamin By in 
methy! alcohol suggested that this was the more desirable solvent 
(Seidell, 1933). . 


EXPERIMENTAL 


The preparation of an extract made with gaseous hydrochloric 
acid in methyl alcohol was carried out as follows: 

100 gm. of dried Anheuser-Busch yeast' were suspended in 250 
ec. of absolute methyl alcohol, and into this mixture was passed a 
stream of dry gaseous hydrogen chloride until a concentration of 
approximately 4 N was attained. The acidified mixture was al- 
lowed to stand overnight, and then filtered through a Buchner 
funnel. The residue was washed with 200 ce. of absolute methyl 
alcohol and the washings and filtrate were evaporated in vacuo 
to a thick syrup. This was then dissolved in about 100 cc. of dis- 
tilled water and poured upon corn-starch. This product was 
dried at room temperature with the aid of an electric fan. 

To establish the efficiency of extraction, it was necessary to 
determine the feeding value of the above extract at various levels, 
and to compare its growth effect with that obtained by the un- 
extracted yeast. 

The gaseous methyl alcohol extract, as well as the whole yeast, 
was fed at levels equivalent to 3, 5, and 10 per cent of the diet to 
young rats depleted of their stores of vitamin B by the following 
diet: 


Agar-agar 
McCollum’s Salts 51? 





1 Furnished by Anheuser-Busch, Inc., St. Louis. 

*The composition is as follows: CaCO, 1.5 gm., KCl 1.0 gm., NaCl 
0.5 gm., NaHCO, 0.7 gm., MgO 0.2 gm., KH,PO, 1.7 gm., ferric citrate 
0.5 gm.; total 6.1 gm. 
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The results in Table I demonstrate that extracts prepared in 
this manner and fed over a period of 10 weeks produced as effec- 
tive growth as the dried yeast at levels equivalent to 3, 5, and 10 
per cent of the diet. 

To ascertain whether the vitamin had been completely extracted 
from the yeast, the residue was fed to vitamin B-deficient rats at a 
level of 20 per cent in the diet. To test whether this residue had 
sufficient vitamin B, to cause growth, if ample vitamin B, were 
present, the basal ration was supplemented with 10 per cent auto- 
claved yeast. Similarly, to test for vitamin B, in the presence of 


TaBLe I 


Feeding Values of Extract and Residue of Yeast Treated with Gaseous 
Hydrogen Chloride in Methyl Alcohol 


Per cent 
= Average 
in diet No. : 
‘ ; Duration | weekly 
Material tested e —— of rats | of feeding| gain in 
to yeast ight 








wks. gm. 


10 9.0 
10 12.3 
10 13.7 
10 15.0 
10 
10 


Gaseous HCl extract of yeast* 


Same* 
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Yeast residue fed to 
Vitamin B complex-deficient rats 
a B,-deficient rats 
- B,-deficient “ 


2 
2 
2 
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* Fed to vitamin B complex-deficient rats. 


vitamin B,, an 80 per cent alcoholic extract of wheat germ was 
added, equivalent to 10 per cent of the germ. The results of 
these tests are also indicated in Table I. It is apparent that the 
inclusion of as high as 20 per cent of this residue in the diet failed 
to produce any growth response, even when the basal diets were 
supplemented by sources of vitamins B, and B,, respectively. 
It would appear, therefore, that this procedure of extraction re- 
moved effectively both the heat-stable and the antineuritic 
factors. 

The possibility remained, however, that the residue contained 
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other factors of the vitamin B complex in addition to vitamins B, 
and B,. To demonstrate this, extract and residue were combined 
and fed, and compared with the growth response produced by the 
extract itself. This experiment was performed by incorporating 
into the basal diet of vitamin B-deficient rats the gaseous hydro- 
chloric acid-methyl alcohol extract and the residue, each at levels 
equivalent to 10 per cent of yeast. Analysis of the results clearly 
indicated that no better growth was obtained when the extract 
was supplemented with the residue. Over a 10 week period the 
average weekly gain in weight for combined extract and residue 
was 15 gm., whereas for the yeast itself the average gain was 
13.6 gm. 

To compare the effectiveness of gaseous hydrogen chloride ex- 
traction with that with aqueous hydrochloric acid, a concentrate 
was prepared as previously described except that 5 per cent con- 
centrated hydrochloric a-‘d was added to the methyl alcohol in- 
stead of treatment with the gaseous acid. Inasmuch as the residue 
after treatment with hydrogen chloride was completely negative, 
it appeared that the potency of the extract containing 5 per cent 
concentrated hydrochloric acid could be compared by determining 
the activity of its residue, which was fed at a 20 per cent level. 
The extraction with the aqueous acid yielded a residue that pro- 
duced an average weekly gain of 24 gm. for a 2 week period, 
whereas the residue treated by gaseous hydrogen chloride resulted 
in an average loss of —2.3 gm. when fed at the same level. It is 
obvious, according to these results, that by extraction of yeast 
with gaseous hydrogen chloride a more complete removal of the 
vitamin was effected. 

This negative yeast residue, apparently possessing no vitamin 
B;, Be, or any other growth factor, is of especial interest in the 
light of the investigations of Williams and Lewis (1930) on the 
so called “third factor.’”” They found that yeast residues retained 
a growth factor after repeated extractions with alcohol. This 
factor apparently could not be removed by the most rigorous 
treatment, such as acid alcohol, acid hydrolysis, and acid auto- 
claving. It was extremely insoluble and could only be destroyed 
by alkaline autoclaving for 5 hours at pH 9.0. Inasmuch as the 
yeast after gaseous hydrogen chloride treatment did not supple- 
ment vitamins B,;- and B--deficient diets, nor in combination with 
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the extracts give better growth than the extracts themselves, it 
would indicate that this procedure removes the Williams and 
Lewis factor. 

Although the extract contains a high content of total solids, it 
is relatively low in the alkali mineral elements. The total solids 
constitute 26.5 per cent o. the original yeast, and of this 12.5 per 
cent is material soluble in fat solvents. For chemical work, there- 
fore, this extract is not entirely desirable, owing to the relatively 
large amount of extraneous material extracted along with the 
vitamin. The non-lipid portion of the total solids was low in 
nitrogenous materials, having a value of 1.47 per cent nitrogen. 

As mentioned above, the most interesting aspect concerning the 
chemistry of this extract was the remarkably low content of some 
of the mineral elements, there being only traces of sodium, calcium, 
and magnesium. It would be expected that these elements in 
the form of their chlorides would be insoluble in absolute methyl 
alcohol, especially with the high concentration of chloride ion 
which would depress still further the slight dissociation of these 
salts, rendering them quite insoluble. For experimental feeding 
purposes, incorporating the extract in the ration equivalent to 5 
per cent of the original yeast would produce a diet containing only 
20 parts per million of sodium, 7 parts per million of calcium, and 
8 parts per million of magnesium. It may be concluded on a 
theoretical basis that the potassium should be even lower than the 
sodium, inasmuch as potassium chloride is more insoluble in alco- 
hol than sodium chloride. The fact that potent concentrates can 
be obtained by extraction with absolute methyl alcohol and gase- 
ous hydrogen chloride supports the view that the vitamin is bound 
in its natural state and its solubility in the organic solvent depends 
upon a breaking up of these linkages. Apparently, the gaseous 
hydrogen chloride in strong alcohol splits these bindings, rendering 
the vitamin soluble in the absolute methyl alcohol. 

According to Seidell (1933), the solubility of the vitamin in or- 
ganic solvents is due to the extracting power of the water it con- 
tains. It might be argued that in the process of the rigorous hy- 
drogen chloride treatment sufficient water could be produced by 
hydrolysis to account for the solubility of the vitamin by this pro- 
cedure. To prove that water was not a factor, an extraction was 
performed with conditions modified to eliminate as far as possible 
the water from the system. 
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A quantity of yeast was dried in a vacuum oven at 50° for5 
hours and then kept in a vacuum desiccator over phosphorus pent- 
oxide for a week. Although this treatment did not reduce the 
moisture content to zero, it lowered it from 4.3 per cent to 2.4 per 
cent. The hydrogen chloride gas was dried by passing through 
two cylinders containing granular, anhydrous calcium chloride. 
The extraction was carried out in the usual manner, except that 
instead of filtering off the alcoholic solution, the mixture was 
evaporated to dryness in an open Pyrex dish by means of an elec- 
tric fan. The dried material was ground to a fine powder and 
then extracted with absolute methyl alcohol. The filtrate was 
removed, evaporated in vacuo, and dried upon starch, as pre- 
viously described. 

When this extract was fed in the diet at a level equivalent to 
10 per cent of the yeast, it produced growth in vitamin B-deficient 
rats. Over a period of 4 weeks the animals tested showed an 
average weekly gain of 15, 15, 19, and 11 gm., respectively. From 
these results, therefore, it would appear that the solubility of the 
vitamin in the absolute methyl] alcohol was not due to the extract- 
ing power of the water. 

The question might arise, is the extractability of the vitamin 
due to the solvent action of small amounts of methyl chloride 
being produced? To determine the solubility of the vitamin in 
methyl alcohol saturated with methyl chloride, the following ex- 
traction was carried out. 

100 gm. of Anheuser-Busch yeast were suspended in 250 cc. 
of absolute methyl alcohol. Into this mixture was passed a stream 
of dried gaseous methy] chloride, prepared by heating a mixture of 2 
parts of methyl alcohol, 2 parts of sulfuric acid, and 1 part of sodium 
chloride. The gas was dried by passing through concentrated 
sulfuric acid, and introduced into the yeast and methyl! alcohol 
for 1 hour. The treated material was allowed to stand in the ice 
box overnight. The residue was then filtered off and the filtrate 
concentrated in vacuo to 50 cc. and dried upon corn-starch at room 
temperature. 

The methyl chloride extract was fed, as usual, at a level equiva- 
lent to 10 per cent of the original yeast, to vitamin B-deficient 
rats. Over a period of 3 weeks this extract failed to produce any 
growth response. The average gain per week amounted to only 
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1.5 gm. It may be concluded from this experiment that methyl 
chloride was not the active extractant of the vitamin in this pro- 
cedure involving the use of gaseous hydrogen chloride in methyl 
alcohol. 

According to the above results the extractability of vitamin B 
in organic solvents apparently depends on the splitting up of the 
complex linkages of the vitamin, rendering the latter soluble in 
the organic solvent. 


SUMMARY 


A method is described for preparing a potent extract of the 
vitamin B complex, involving the use of gaseous hydrogen chloride 
in absolute methyl alcohol. The extract when fed at a level 
equivalent to 3, 5, and 10 per cent of yeast produced as effective 
growth as yeast over a period of 10 weeks. 

The residues after extraction were, apparently, completely 
negative in respect to vitamins B,, Bz, and any other growth- 
promoting factors. 

As compared to extraction with methyl alcohol acidified with 5 
per cent concentrated hydrochloric acid, the method described 
is much more efficient, as judged by the potency of the respective 
extracted yeasts. 

This extract was unusually low in the alkaline elements, thus 
providing a good source of the water-soluble vitamin B for inor- 
ganic deficiency studies. 

The extraction was not due to the presence of water, but ap- 
peared to be a breaking up of the alcohol-insoluble linkages, ren- 
dering the vitamin soluble in absolute methyl] alcohol. 
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It has been known for some years that vitamin B, was readily 
adsorbed by fullers’ earth in acid solutions, but no method of solu- 
tion was available until 1933 when Kuhn, Gyérgy, and Wagner- 
Jauregg made the discovery that elution could be effected by a 
mixture of pyridine, methyl alcohol, and distilled water. As a re- 
sult of this important step it was possible for these investigators to 
isolate from whey a green fluorescent pigment, lactoflavin, which 
would give growth in daily doses of less than 100 micrograms per 
day to rats depleted of vitamin Bz. These workers found, how- 
ever, that before lactoflavin would supplement their deficient rats 
it was necessary to supply a source of vitamin B,, inasmuch as the 
Bourquin and Sherman (1931) diet employed was apparently 
lacking in this factor. If the failure of this pigment to supple- 
ment their diet directly was due to an absence of vitamin B,, then 
it should be possible to use a water extract containing both vita- 
mins B, and By, but no Be. 


EXPERIMENTAL 


The source of vitamin B, to include B, was prepared according 
to the method of Evans and Lepkovsky (1930-31) from rice bran. 
The fullers’ earth concentrate in their preparation was incorpo- 
rated directly into the basal diet at a 2.5 per cent level, which was 
shown by them to contain ample vitamin B, for growth. Although 
no demonstration of vitamin B, has been shown in this concentrate, 
nevertheless, in view of the investigations of Jansen and Donath 
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(1926) and others in which the vitamin B, crystals prepared by 
aqueous extracts from rice polishings contained vitamin B,, it may 
be assumed that the above concentrate would also contain this 
vitamin. Apparently the high concentration of alcohol (80 per 
cent) used in the Bourquin-Sherman preparation does not extract 
sufficient vitamin B,. 

To prepare lactoflavin, the German investigators used either 
whey or sour milk. In this laboratory dried whey powder! was 
used, because it offered an excellent starting material, which had 
the advantage over whey solutions in being highly concentrated 
and more convenient to work with. 

For the extraction of the active principle from a solid material, 
such as egg albumin, Kuhn ef al. (1933) used methyl alcohol. 
Booher (1933), however, reported that a 10-fold concentration of 
vitamin B, can be prepared by simple extraction with hot 93 to 
94 per cent ethyl alcohol, provided the extraction be carried out 
under nitrogen. Two considerations are necessary in the choice 
of the proper solvent: first, the active principle should be readily 
soluble, and secondly, only a minimum of impurities should be 
removed. 

As a result of the work of Kuhn ef al. with methyl alcohol, and 
Booher with hot ethyl alcohol, it is evident that both solvents 
extract the vitamin. To ascertain the relative amounts of im- 
purities removed, the total solids extracted from whey powder by 
these two solvents were determined. 

Two 25 gm. samples of dried whey powder were weighed out; 
one was extracted with 100 cc. of hot methyl alcohol and the other 
by hot ethyl alcohol. The extracts were filtered off, and a second 
extraction of each was carried out in the same manner. The re- 
spective filtrates were combined with the first extracts and each 
made up to a volume of 500 cc. The two solutions were kept in 
the ice box overnight to precipitate out any lactose. 20 cc. of the 
clear filtrates of each solution were placed in a tared vessel and the 
alcohol was evaporated off. They were dried in an oven at 60° and 
then weighed. Upon calculation, it was found that the ethyl 
alcohol extracted approximately 10 per cent solids, whereas under 
the same conditions methyl alcohol removed about 32 per cent. 


1 Furnished by the Research Laboratories, National Dairy Products 
Corporation. 
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It is evident, therefore, that as far as removal of impurities was 
concerned, ethyl alcohol is a much better solvent. Inasmuch as 
the yield is extremely small, it is important to have as few inter- 
fering substances as possible, and for this reason the extraction was 
made with ethyl alcohol. The details of the preparation are as 
follows: 

10 pounds of dried whey powder prepared by the Gray-Jensen 
process were placed in a 22 liter round bottom flask. With vigor- 
ous stirring, 10 liters of 95 per cent ethyl alcohol were added. 
The flask was placed in a water bath and the mixture brought to a 
boil. Nitrogen was passed into the contents of the flask in a 
steady stream and frequent stirring was necessary. After boiling 
for half an hour, the extract was filtered through a Buchner funnel 
and the residue was washed with ethyl alcohol. The washed 
whey powder was then added to 10 liters of boiling 95 per cent 
ethyl alcohol and again boiled in the presence of nitrogen for a 15 
minute period. The extract was filtered off as before, and all the 
washings and extracts were combined. In order to remove the 
lactose, the total extracts were chilled. The lactose was then 
filtered off and the clear greenish yellow filtrate evaporated in 
vacuo to approximately 1500 cc. To this solution were added 5000 
cc. of distilled water and 430 ce. of 37 per cent HCl. To adsorb 
the vitamin Bz, 100 gm. of Surrey fullers’ earth were added 
and the mixture stirred for 4 hours by means of electric stirrers. 
After allowing the earth to settle out, the supernatant fluid was 
drawn off, and the residue removed by filtration. After thorough 
washing to remove all chlorides, the earth was suspended in a mix- 
ture of 600 cc. of pyridine, 600 cc. of methyl alcohol, and 2400 ce. 
of distilled water, and was vigorously stirred for 2 hours and 
allowed to stand overnight. The solution was filtered and the 
residue washed with 50 per cent methyl alcohol. The clay-colored 
filtrate was evaporated to 100 cc. in vacuo, and the colloidal fullers’ 
earth was thrown out of suspension by the addition of 400 cc. of 
absolute methyl alcohol. The filtrate obtained was a clear green- 
ish yellow fluorescent solution, which was concentrated to 25 ce. 
in vacuo. 2 liters of acetone were added, and after standing over- 
night, the flocculent precipitate was removed by filtration. The 
clear solution was evaporated in vacuo to a volume of 10 ec. and 
then 1 liter of acetone was added. Only aslight precipitate formed 
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at this stage, indicating that most of the impurities precipitable 
by acetone were removed. With methyl alcohol as an extractant, 
Kuhn et al. stated that many precipitations with acetone are neces- 
sary, but apparently in this method only two precipitations with 
ethyl ‘alcohol were required. The clear acetone solution was con- 
centrated in vacuo to only a few cc. To this were added several 
drops of glacial acetic acid and 100 cc. of absolute ethyl alcohol. 
This mixture was then evaporated almost to dryness and 10 cc. of 
absolute alcohol were again added. A yellow-brown precipitate 
settled out of the alcohol upon cooling. This was filtered, washed 
with alcohol and ether, and dried in a desiccator over calcium 
chloride. The yield was 1.2 gm. of a bright yellow powder. 


TaBLe I 
Effect of Lactoflavin upon Rats Depleted of Vitamin B, 
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This powder was recrystallized several times from hot 2 N acetic 
acid. A yield of 20 mg. of a dark reddish brown material was 
obtained, which behaved in a manner similar to the product de- 
scribed by the German investigators. 

In solution, this substance produced a beautiful greenish yellow 
fluorescence. Kuhn et al. stated that the addition of picric acid 
was necessary to remove creatinine and other impurities. By this 
method, the addition of this acid did not produce a perceptible 
precipitate, indicating that these impurities were not extracted in 
the original ethyl alcohol extraction. 

By careful crystallization, small clusters of needles that form 
characteristic osazone-like crystals and, also, superimposed 
rhombic plates were found. 

The activity of this material was determined by making a solu- 
tion of which 1 drop would contain 100 micrograms of the lacto- 
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flavin-like substance. Twelve rats were placed upon a basal 
vitamin B,-deficient diet consisting of casein 20 per cent, dextrin 
64.4 per cent, butter fat 5 per cent, agar-agar 2 per cent, rice bran 
extract 2.5 per cent, and McCollum’s Salts 51,?6.1 per cent. When 
the animals were depleted, eight of the rats were given the lacto- 
flavin solution in daily doses of 100 micrograms, and the remaining 
four served as negative controls. 


Results 


As Table I indicates, the lactoflavin-like material obtained by 
this modified method is active in daily doses of 100 micrograms. 
The replacement of the Bourquin-Sherman alcoholic extract of 
whole wheat by a more aqueous extract made from rice bran, in 
the basal vitamin B,-deficient diet, apparently supplies vitamin 
B, as well as vitamin B,, inasmuch as lactoflavin supplements the 
diet directly without the addition of Reader’s vitamin B, or the 
boiled yeast extract described by Kuhn and associates. These 
results, therefore, substantiate the fact that the flavins are a 
component of vitamin Be. 


SUMMARY 


A modified method for the preparation of lactoflavin is described, 
involving the use of dry whey powder and hot ethyl! alcohol as the 
extracting fluid. 

A yield of 20 mg. from 10 pounds of dried whey powder was 
obtained, which when fed to rats in daily doses of 100 micrograms 
produces an average gain of 8 to 10 gm. per week. 

The lactoflavin supplemented directly the vitamin B,-deficient 
diet, which included a fullers’ earth adsorbate prepared from rice 
bran as sources of vitamins B, and By. 


BIBLIOGRAPHY 


Booher, L. E., J. Biol. Chem., 102, 39 (1933). 

Bourquin, A., and Sherman, H. C., J. Am. Chem. Soc., 68, 3501 (1931). 

Evans, H. M., and Lepkovsky, 8., J. Nutrition, 3, 370 (1930-31). 

Jansen, B. C. P., and Donath, W. F., Verslag. k. Akad. Wetensch. Amster- 
dam, 36, 923 (1926). 

Kuhn, R., Gyérgy, P., and Wagner-Jauregg, T., Ber. chem. Ges., 66, 317, 
576, 1034 (1933). 





? See Itter, S., Orent, E. R., and McCollum, E. V., J. Biol. Chem., 108, 
71 (1935). 














THE POSSIBLE ROLE OF THE SULFHYDRYL GROUP IN 
VITAMIN B, DEFICIENCY 


By STUART ITTER,* ELSA R. ORENT, anv E. V. McCOLLUM 


(From the Biochemical Laboratory, School of Hygiene and Public Health, 
the Johns Hopkins University, Baltimore) 


(Received for publication, November 28, 1934) 


It has been demonstrated that a diet deficient in vitamin B, 
produces a pellagra-like syndrome in rats and mice. Abnormali- 
ties in the sulfur metabolism of pellagrins have been frequently 
reported. Goldberger and Tanner (1924) proposed that pellagra 
was due to a failure to utilize the cystine in the diet. Recently 
Payne and Perlzweig (1933) studied the cystine content of finger 
nails of forty pellagrins and thirty-six normal subjects. In those 
cases possessing extensive dermatitis they found a decrease of the 
cystine content of the nails, which returned to normal after the 
skin changes were cured by improvement of the diet. Sabry 
(1931) reported that skin lesions could be made to disappear by 
intravenous injection of thiosulfate. Randoin and Fabre (1931) 
found that a diet deficient in the vitamin B complex caused a 
fall of the thiol derivatives of muscle and liver and a rise of these 
substances in the blood. These results were confirmed by Nagai 
(1932) who observed that during vitamin B avitaminosis the con- 
tent of reduced glutathione was decidedly lowered in the heart 
and liver of rats. 

The existence of a rat dermatitis produced by a vitamin B, 
deficiency similar to that of pellagrins suggests that likewise a 
disturbance in the sulfur metabolism in vitamin B.-deficient ani- 
mals may occur. This evidence indicates a possible relationship 
of sulfhydryl compounds to vitamin Be since that factor has been 
alleged to cure and prevent pellagra. Therefore this investigation 

* Presented by Stuart Itter to the faculty of the Schoo! of Hygiene and 


Public Health at the Johns Hopkins University in partial fulfilment of the 
requirements for the degree of Doctor of Science in Hygiene. 


585 





586 Vitamin B, Deficiency 


was undertaken to determine the sulfhydry] content in the tissues of 
vitamin B,-deficient animals, and, in addition, to study the physio- 
logical effects of various sulfhydryl-containing substances upon 
the vitamin B,-deficient rats and thus attempt to ascertain the 
réle of the sulfhydryl group in vitamin B, avitaminosis. 

The discovery of lactoflavin as a growth-promoting factor offered 
the opportunity to study the possible relation of the sulfhydry| 
group to the vitamin B, complex. The absence of sulfur from the 
flavins excludes any possible relationship of sulfur to this factor 
of the complex. In spite of the remarkable effect of this substance, 
there were several indications that still other factors were needed 
before optimum growth and well being could be restored to rats 
depleted of vitamin Bs. 


Sulfhydryl Content in Tissues of Vitamin B,-Deficient Animals and 
Effect of Various Sulfhydryl Supplements upon the Level of 
These Sulfur Compounds in the Tissues 

To deplete rats of vitamin B, a basal ration containing a fullers’ 
earth adsorbate of vitamins B, and B, free from vitamin B, was 
prepared according to the method of Evans and Lepkovsky (1930) 


in which the vitamins were adsorbed from 25 per cent alcoholic 
extract of rice bran. The earth was incorporated into the basal 
ration at a level of 2.5 per cent, which was shown to cause good 
growth; the remainder of the diet consisted of casein 20 per cent, 
dextrin 64.4 per cent, butter fat 5 per cent, agar-agar 2 per cent, 
and McCollum’s Salts 51,' 16.1 per cent. 

Rats weighing between 35 and 40 gm. were placed upon this 
basal ration for a period of 5 weeks to deplete their stores of 
vitamin B,. At this point a number of supplements, as indicated 
in Table I, were fed for a period of 2 weeks to various groups of 
these depleted animals. To test the effect of such supplements 
upon the sulfhydryl content of the tissues, determinations for —SH 
groups in the liver and blood were carried out. Total glutathione 
was determined in the liver by the method of Okuda and Ogawa 
(1933) and in the blood by the procedure outlined by Woodward 
and Fry (1932). 

Results—The results as shown in Table I indicate that there is 


1 See Itter, S., Orent, E. R., and McCollum, E. V., J. Biol. Chem., 108, 
571 (1935). 
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a decrease in sulfhydryl groups in the blood and the liver of vitamin 
B,-deficient rats as compared to those receiving 5 per cent whole 
yeast. The addition of autoclaved yeast, cystine, or glutathione 
to vitamin B,-deficient rats apparently failed to restore the blood 
values of these sulfur compounds to normal, whereas in the case of 


TaBLe I 


Mg. Per Cent of Glutathione in Blood and Liver of Vitamin B;-Deficient Rats 
Receiving the Following Supplements for a 2 Week Period 
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the liver the addition of such supplements increased the sulfhy- 
dryl content of this organ. 

It is difficult to explain the failure of autoclaved yeast or sulfhy- 
dryl compounds to raise the level of glutathione in the blood. It 
might be suggested that there is some factor in unheated yeast 
required to maintain the normal content of these sulfur substances 


in the blood. 
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Effect of Adrenalectomy on Sulfhydryl Compounds in the Tissues 


The seemingly decreased quantity of sulfhydryl compounds in 
the blood might be explained on the basis that in vitamin B, de- 
ficiency there is some disturbance in the formation of glutathione. 
According to the work of Binet (1933) the adrenal gland would be 
the most likely tissue to be concerned in the synthesis of gluta- 
thione. His experiments demonstrated that perfusion of cystine 
and glutamic acid through the gland resulted in a 40 per cent in- 
crease in glutathione in the perfusion fluid, whereas the same ex- 
periment involving the use of kidney tissue failed to form this 
compound during perfusion from the constituent amino acids. 
His results indicate that the formation of glutathione in the body 
is specific for the adrenal in the same manner that urea formation 
and ammonia production are apparently specific for the liver and 
kidney respectively. 

A distinct hypertrophy of the adrenals in vitamin B,-deficient 
animals has been observed frequently, which suggests a disturb- 
ance in the function of this gland. The decrease of sulfhydryl 
compounds in rats devoid of vitamin B, may be due to changes in 
this organ, in which case adrenalectomy should produce the same 
effect of lowering the sulfhydryl content of the tissues as occurs in 
vitamin B, deficiency. 

To ascertain the effect of adrenalectomy upon the level of glu- 
tathione in the tissues, the blood of adrenalectomized dogs was 
analyzed daily for the glutathione content. Four experimental 
and two control dogs were used. In order to eliminate as far as 
possible the effects due to surgical shock, the control dogs were 
operated upon in the same manner as the experimentals, only the 
adrenal glands were left intact. The blood was obtained by car- 
diac puncture and total glutathione determined by the method of 
Woodward and Fry (1932). 

Results—The results are illustrated by the curves in Chart I. 
It is apparent by analysis of the curves that adrenalectomy pro- 
duced no obvious effect upon the glutathione content of the blood. 


Effect of Extract of Anterior Pituitary Gland upon the Sulfhydryl 
Compounds in the Tissues 


To confirm the results obtained by adrenalectomy, that the 
sulfhydryl content of the tissues is not affected, an experiment was 
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performed in which it was attempted to stimulate the activity of 
the adrenal gland by injection of an extract of the anterior pitui- 
tary gland (Evans, Meyer, and Simpson, 1933). If the adrenal 
glands control the content of glutathione in the tissues, increasing 
the activity of these glands might result in raising the level of 
sulfhydryl compounds in the tissues above the normal value. 

To determine the effect of stimulation of the adrenals, four 
adult rats were injected subcutaneously with 1 cc. of Squibb’s ex- 














Cuart I. The effect of adrenalectomy in dogs upon the glutathione con- 
tent in blood. 


tract of the anterior pituitary gland daily for 1 week. To con- 
trol this experiment, another group of four rats was injected daily 
in the same manner with 1 cc. of physiological saline. At the end 
of the week all the rats were killed and their livers analyzed for 
total glutathione by the method of Okuda and Ogawa (1933). 
Results—It is apparent from the results shown in Table II that 
the injection of an extract of anterior pituitary gland failed to 
increase the glutathione in the liver; these results confirm the 
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experiments with adrenalectomy showing that the adrenal glands 
apparently do not control the level of glutathione in the tissues. 


Effect of Certain Sulfhydryl Compounds upon Rats Depleted of 
Vitamin B, 

In view of the apparent decrease of glutathione in the tissues 
of rats deprived of vitamin Be, it is of interest to study the physio- 
logical effects of supplementing these animals with substances 
possessing a sulfhydryl group. 

Experiment A—To carry out this experiment, ten young rats 
were placed upon a vitamin B complex-deficient diet consisting of 
acid-extracted casein 20 per cent, dextrin 66.9 per cent, McCol- 
lum’s Salts 51, 6.1 per cent, butter fat 5 per cent, and agar-agar 


Tasie II 
Effect of Anterior Pituitary Extract on Glutathione Content of Liver 
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2 per cent, for a period of 3 weeks. At this point 2.5 per cent of 
fullers’ earth adsorbate containing vitamins B, and B,, prepared 
according to the method of Evans and Lepkovsky, was incorpor- 
ated into the diet. After 4 weeks upon this diet most of the ani- 
mals showed small weekly gains in weight, and in 50 per cent of 
the cases there was a distinct alopecia, especially around the head, 
hind quarters, and abdomen. There were no signs of skin lesions 
in any of the animals. To each of three of these depleted rats 1 
mg. of glutathione daily was given by mouth. In the same way 
to each of three others was given 1 mg. of cysteine hydrochloride 
daily, and the remaining four rats received no supplements and 
served as controls. 

Experiment B—Similarly, another group of rats was prepared 
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for testing the physiological action of the sulfhydryl group, but in 
this case lactoflavin as well as the sulfhydryl-containing supple- 
ments was supplied. This substance was fed as previously 
described (Itter, Orent, and McCollum, 1935). 

Results—The results in Table III demonstrate the effect of these 
two sulfur compounds upon the average weekly gains in weight 
and the condition of the fur of animals deprived of vitamin B. 


Taste III 
Effect of Sulfhydryl Compounds and Lactoflavin upon Vitamin B,-Deficient 
Rats 
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It will be observed in practically all cases where the sulfhydryl 
compounds had been supplied, slight growth was maintained over 
a period of 6 weeks, whereas in the case of the controls there was an 
appreciable decrease in the average weekly gain in weight. One 
of the controls died 2 weeks before the end of the experiment. On 
comparison of the relative amounts of the two types of materials 
fed, it is evident that lactoflavin is more active as a growth factor 
than the glutathione or cysteine. It is apparent from these re- 
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sults that alopecia disappeared only in those rats receiving the 
—SH supplements. 

The cure of the alopecia was most striking in the case of rats 
receiving glutathione. In the brief period of 3 weeks, rats with 
loss of fur around the head and hind quarters showed a new growth 
of fur. Of the rats receiving lactoflavin alone, only one had alo- 
pecia at the beginning of the feeding of the supplement. After 3 
weeks there was no improvement; in fact, the loss of fur became 
more marked. 

When glutathione together with lactoflavin was fed, animals 
having alopecia showed a definite new growth of fur. Cystine 
with lactoflavin and cysteine alone were fed in a like manner to 
another series of animals. It is evident from these results that 
sulfhydryl compounds tend to prevent a decline in weight in 
vitamin B,-deficient animals, whereas lactoflavin produces a defi- 
nite growth response. 


DISCUSSION 


From the results obtained in this investigation it would appear 
that a vitamin B, deficiency may be frequently complicated by a 
superimposed lack of substances possessing a sulfhydryl group. 
The casein in the diet contains cystine which in vitamin B, de- 
ficiency may be inadequate, but more likely it becomes partially 
destroyed by the treatment of the casein during purification. 
Jones and Gersdorff (1934) have pointed out that casein is more 
readily acted upon by chemical reagents than most proteins and 
that the usual manner of preparing pure casein for experimental 
purposes results in the destruction of most of the cystine. It is 
well known that the various physical processes that render vita- 
min B, inactive also bring about destruction of sulfhydryl groups. 
Woodward (1933) demonstrated that irradiation of glutathione 
or cystine for 10 hours destroyed the —SH group, whereas Hogan 
and Hunter (1928) were the first to demonstrate that long exposure 
to ultra-violet light destroys the activity of the heat-stable factor. 
The effect of autoclaving upon vitamin B, has been shown by Chick 
and Roscoe (1927) to cause appreciable inactivation, especially 
in an alkaline medium, and similarly it is well known that such 
heat treatment may destroy the sulfhydryl group. The failure 
of autoclaved yeast in many instances completely to alleviate all 
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the symptoms of vitamin B, deficiency might be due to the de- 
struction of most of the sulfhydryl groups present. 

The variability of the cystine content of different caseins may 
account for the inconsistent results frequently observed in pro- 
ducing the deficiency. Chick and Roscoe (1928) reported that in 
order to free their casein of vitamin B, activity it was necessary 
to extract with acid alcohol and to roast for 3 days at 120°. One 
can readily realize that the cystine content of casein would be 
greatly decreased under the rigorous treatment outlined by these 
workers. 

If part of the syndrome of vitamin B, deficiency arises from an 
insufficiency of sulfhydryl groups in the diet, then one could pre- 
dict that a low protein diet, in which the cystine content was 
lowered below optimal levels, would tend to produce some symp- 
toms of the deficiency more readily. In support of this view is 
the work of Sherman and Derbigny (1932-33) in which they re- 
duced the casein in their vitamin B,-deficient diet to 12 per cent 
and were able to lessen the survival time and to produce a more 
severe dermatitis in their rats. 


SUMMARY 


1. There is an apparent lowering of the glutathione in the blood 
and liver of rats deprived of vitamin B, which can be appreci- 
ably raised by addition of 5 per cent whole yeast to the diet. 
The feeding of autoclaved yeast, cysteine, or glutathione to these 
rats likewise increases the glutathione in the liver but apparently 
fails to affect the level in the blood. 

2. The lowered sulfhydryl compounds in vitamin B, deficiency 
appear to be independent of any disturbance of the adrenal gland. 

3. The administration of glutathione or cysteine to rats de- 
pleted of the vitamin B, complex resulted in maintenance of weight 
over a period of 6 weeks, whereas the controls showed a loss of 
weight. 

4. The vitamin B,-deficient rats showing alopecia were cured by 
the daily feeding of glutathione or cysteine, although the latter 
appeared to produce this effect to a lesser degree. 

5. The possible complication of vitamin B, deficiency by a 
superimposed lack of sulfhydryl-containing substances is discussed. 





594 Vitamin B, Deficiency 


BIBLIOGRAPHY 


Binet, L., Ann. physiol. et physico-chim. biol., 9, 803 (1933). 

Chick, H., and Roscoe, M. H., Biochem. J., 21, 689 (1927); 22, 790 (1928). 

Evans, H. M., and Lepkovsky, 8., J. Nutrition, 3, 370 (1930). 

Evans, H. M., Meyer, K., and Simpson, M. E., Mem. Univ. California, 
11 (1933). 

Goldberger, J., and Tanner, W. F., Pub. Health Rep., U.S. P. H. S., 39, 87 
(1924). 

Hogan, A. G., and Hunter, J. E., J. Biol. Chem., 78, 433 (1928). 

Itter, 8., Orent, E. R., and McCollum, E. V., J. Biol. Chem., 108, 579 (1935). 

Jones, D. B., and Gersdorff, C. E. F., J. Biol. Chem., 104, 99 (1934). 

Nagai, 8., J. Biochem., Japan, 16, 371 (1932). 

Okuda, Y., and Ogawa, M., J. Biochem., Japan, 18, 75 (1933). 

Payne, 8. A., and Perlzweig, W. A., J. Clin. Inv., 12, 899 (1933). 

Randoin, L., and Fabre, R., Compt. rend. Acad., 192, 815 (1931). 

Sabry, I., J. Trop. Med., 34, 303 (1931). 

Sherman, H. C., and Derbigny, I. A., J. Biol. Chem., 99, 165 (1932-33). 

Woodward, G. E., Biochem. J., 27, 1441 (1933). 

Woodward, G. E., and Fry, E. G., J. Biol. Chem., 97, 465 (1932). 





THE ERGOT ALKALOIDS 


IV. THE CLEAVAGE OF ERGOTININE WITH SODIUM AND BUTYL 
ALCOHOL 


By WALTER A. JACOBS ann LYMAN C. CRAIG 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, December 14, 1934) 


The successful investigation of the structure of the ergot alka- 
loids will depend upon the development of proper methods for their 
degradation. Thus far degradation products have been obtained 
by oxidation, alkaline hydrolysis, and in smaller measure by pyrol- 
ysis. We have already described the formation of lysergic acid, 
CysHisO2N2,' as a characteristic alkaline cleavage product of ergot- 
inine, of which ergine obtained by Smith and Timmis? was later 
shown by them to be the amide. Thus, in the latter substance 
3 of the N atoms of ergotinine have been generally located. A 
suggestion of the nature of the remaining 2 has been obtained 
from the occurrence on pyrolysis of a piperidine-like odor which 
also occurs in the basic fraction of the products of acid hydrolysis 
of ergotinine. 

During the alkaline hydrolysis of ergotinine and also in most 
other attempts to transform it, a considerable amount of colored, 
tarry decomposition products is formed. Lysergic acid itself ex- 
hibits also a measure of lability. This instability has made isola- 
tion of the cleavage products more difficult. 

There is reason to believe that we are dealing with unsaturated 
nitrogen heterocyclic derivatives which as a class are less stable than 
their reduction products. Accordingly we have studied the re- 
ductive cleavage of ergotinine with sodium and amyl alcohol in 


1 Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 104, 547 (1934); 106, 
393 (1934). 
* Smith, S., and Timmis, C. M., J. Chem. Soc., 763 (1932); 674 (1934); 
Nature, 133, 579 (1934). 
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the hope that more stable cleavage products would result. Such a 
study was further suggested by the apparently greater stability 
towards light and air of dihydrolysergic acid* which we have al- 
ready described as a product of the reduction of lysergic acid with 
these reagents. With ergotinine a study of conditions led finally 
to the adoption of normal butyl alcohol as the solvent to be pre- 
ferred. The new procedure has given a reaction mixture from 
which a number of substances have been isolated. 

During the reduction of ergotinine approximately 1 mole of am- 
monia was evolved, thus substantiating the earlier evidence of the 
presence of one primary or secondary amide group in the alkaloid. 
By steam distillation of the alkaline reaction mixture a number of 
steam-volatile bases were detected which will be discussed below. 
The non-volatile residue after saturation with carbon dioxide, 
concentration to dryness, and subsequent extraction with absolute 
alcohol gave material from which a number of substances were 
isolated. 

One substance crystallized directly from a solution in methy| 
alcohol of the above desiccated alcoholic extract. This proved 
to be a base from the analysis of which the formula C;sH20ON; 
was derived. This formulation was confirmed by the analysis of 
the sulfate, (CisH2oON2)2H2SO,. The base contained an N-methyl! 
group and gave the Keller reaction of ergotinine. It is therefore 
a derivative of the lysergic acid portion of the molecule. It 
formed readily a monoacetyl derivative, indicating that lysergic 
acid while being reduced to a dihydro derivative has also suffered 
reduction of its carboxyl group to the carbinol. This substance, 
as we shall see later, was also obtained directly by the reduction 
of lysergic acid itself. We have adopted therefore the designation 
a-dihydrolysergol for this cleavage product. 

The possibility that the above reduction product could be a lac- 
tam due to reduction of a tertiary cyclic N atom to NH with 
subsequent lactamization with the carboxyl group is excluded, 
among other things, by the formation of the acetyl derivative. 
The methyl-carrying N atom cannot participate in this reaction, 
since its character as a cyclic tertiary nitrogen atom has been 
shown in our previous work. 

The crude mother liquor from the above base gave additional 


3 Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 106, 398 (1934). 
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basic material which could be extracted from an aqueous suspension 
withether. This ether extract yielded on fractional sublimation at 
low pressure two additional bases. The less volatile base proved 
to be isomeric with a-dihydrolysergol, since the analytical figures 
agreed well for a formula, CysH2oON:. It gave the same color re- 
actions and formed a crystalline hydrochloride, sulfate, and mono- 
acetyl derivative. It is possible that reduction in lysergic acid 
gives rise to a new center of asymmetry and that epimeric dihydro 
derivatives are formed. The new base has been called 8-dihydro- 
lysergol. 

The more volatile base which sublimed at a lower temperature 
proved to belong in a different category. The base itself has not 
been obtained crystalline but was isolated as a picrate, the analysis 
of which indicated the formula CysHeoN2(CeHs07Ns)o. This base 
does not give the color reactions of ergotinine and contains 
no N-methyl group. It appears possible that it is a dipyrrole 
or bipyridine derivative and has its source in the basic portion of 
the molecule other than lysergic acid. This base we have pro- 
visionally called Base I. 

An acid was isolated from the aqueous solution which remained 
after ether extraction of Base II and §-dihydrolysergol. This 
acid proved to be a-hydroxyisovaleric acid. This substance un- 
questionably had its origin in isobutyrylformic acid which, as we 
have shown, is a product of the alkaline hydrolysis of ergotinine.' 

The mixture of steam-volatile bases which had been collected 
and concentrated as mixed hydrochlorides was likewise submitted 
to sublimation for preliminary isolation as described in the 
experimental part. The mixture of bases so obtained was then 
fractionated in a microstill.‘ The fraction which distilled at an 
oil bath temperature of 220—230° at 760 mm. proved to be of inter- 
est. This fraction was found to be a mixture from which two 
crystalline derivatives could be isolated. An ether solution of the 
mixed bases gave a crystalline picrate (Base 1V). Because of the 
very small amount of material at our disposal, its homogeneity 
may still be in question. The analytical figures suggested a 
formula CieoHeoN2(CsH;0;N3)2 for the picrate of Base IV. It con- 
tained no N-methyl group and gave no color with Keller’s reagent. 
This substance will be made a subject for further study. 


‘The microdistilling apparatus which was used will be described else- 
where. 





598 Ergot Alkaloids. IV 


On acylation of the basic material recovered from the mother 
liquor of the above picrate, a crystalline p-bromobenzoy] deriva- 
tive was obtained which proved to be a dibromobenzoy! deriva- 
tive of a hydroxyamine (Base V). The analytical figures indi- 
cated a formulation C2oH:,O;NBr, for this diacyl derivative or 
CsHyON for the base. The consumption of 1 equivalent of alkali 
on saponification was in harmony with the presence of a bromo- 
benzoyl hydroxy group. 

Finally, from one of the fractions of the steam-volatile bases, 
as described in the experimental part, a crystalline bromoben- 
zoate of another base, tentatively called Base VI, was obtained 
but any attempt to interpret its nature with the data available 
is premature. The analytical figures suggest that the substance 
was possibly a dibromobenzoate of an aromatic hydroxyamine 
with a formula CsH,yON. The possibility is not excluded that 
this fragment is the portion of the molecule responsible for the 
production of benzoic and p-nitrobenzoic acids on oxidation of the 
original alkaloid. 

As a check on the origin of the above degradation products of 
ergotinine we have repeated the study of the reduction of lysergic 
methyl ester under similar conditions. In addition to the forma- 
tion of dihydrolysergic acid, which has been described in our pre- 
vious communication, both a- and §-dihydrolysergol were now ob- 
tained. However, none of the steam-volatile bases or Base II 
obtained from ergotinine and no hydroxyisovaleric acid could be 
detected in the reaction mixture. It is apparent, therefore, that 
Bases II, IV, V, and VI have their origin in that portion of the 
ergotinine molecule apart from lysergic acid and which contains 
the remaining 2 nitrogen atoms. It appears to be joined to lyser- 
gic acid (ergine) by means of isobutyrylformic acid or its precursor. 

Because of the limitations of our experimental procedures with 
the amount of the costly material available, we present the above 
observations with necessary reservation and are attempting to 
confirm and amplify them by further work. 


EXPERIMENTAL 


1 gm. of ergotinine was dissolved in 40 cc. of carefully dried buty] 
alcohol, 2 gm. of sodium were added to the boiling solution, and 
the mixture was shaken vigorously to emulsify the molten sodium. 
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The gases coming from the reduction were passed through dilute 
hydrochloric acid. After all sodium was dissolved, 40 cc. more of 
butyl alcohol and 2 gm. of sodium were added. The mixture was 
again heated to boiling and shaken vigorously. 

The acid solution through which the issuing gases were passed 
gave upon evaporation 60 mg. of hydrochloride. Only ammonia 
and no organic bases could be detected in this salt. Calculated 
for 1 mole of ammonium chloride, 89 mg. 

The colorless butyl alcohol solution after addition of 20 cc. of 
water was distilled with steam until 400 cc. of distillate had passed. 
The latter was acidified with hydrochloric acid and evaporated to 
dryness. 140 mg. of a viscous, syrupy residue of hydrochlorides of 
the steam-volatile bases remained. 

The aqueous alkaline residue from the steam distillation was 
saturated with carbon dioxide and the mixture was evaporated to 
dryness at 80° and 20 mm. pressure. A little alcohol was added 
and the evaporation was repeated in order to insure removal of 
water. The dry solid residue was then exhaustively extracted 
with hot ethyl alcohol which was filtered from the solid insoluble 
carbonates. The combined filtrates after evaporation to dryness 
gave 870 mg. of residue. 

This material was reduced again with sodium and butyl alcohol 
exactly as above. The acid solution through which the issuing 
gases were passed gave no appreciable residue upon evaporation. 
Steam distillation of the reaction mixture gave a distillate from 
which 70 mg. of a syrupy residue of hydrochlerides were obtained 
on evaporation to dryness. This material was combined with the 
similar fraction from the first steam distillation. The investiga- 
tion of these steam-volatile bases will be described below. The 
aqueous alkaline residue from the steam distillation was again 
saturated with carbon dioxide and evaporated to dryness at 80° 
and 20 mm. pressure. Exhaustive extraction of the dry carbonates 
with alcohol and concentration yielded 820 mg. of aleohol-soluble 
residue. 

a-Dihydrolysergol, C\sH2v0ON:—The above residue on treatment 
with hot methyl alcohol was completely dissolved. The resulting 
solution was concentrated on the steam bath until crystallization 
began. At this point the volume of solution was about 2.5 cc. 
After cooling overnight at 0°, the crystals were collected with a 
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small volume of methyl alcohol. The filtrate was set aside and 
treated further as described below. The crystalline material, 
160 mg., contained still a small amount of sodium carbonate. It 
was purified by boiling with water, filtering, and recrystallizing 
the undissolved base from methyl alcohol. It crystallized in stout 
prisms which melted at 282°, depending somewhat on the rate of 
heating, as it darkened slightly a few degrees below the melting 
point. It gives the characteristic Keller test for the ergot alka- 
loids. It is optically active. [a]? = — 92° (c = 0.5 in pyridine). 

The base sublimes readily at 210-220° and 0.15 mm. pressure 
without decomposition. It is sparingly soluble in water and ether 
and somewhat more soluble in methyl] aleohol. 


CisHavON:. Caleulated. C 74.96, H 7.87, N 10.93, NCH; 11.32 
Found. “ 74.95, “7.47, “10.97, “ 11.84 
** 75.00, “ 7.72, “ 10.83 


The base is soluble in dilute acids but forms a crystalline hydro- 
chloride and sulfate which are rather sparingly soluble in cold 
water. The sulfate melts at 302° with decomposition. It forms 
a hydrate which loses its water only at 150° and 0.2 mm. The 
analyses of the hydrate and anhydrous substance follow. 


(CisH2eON:)2H.SO,-H,0. Calculated. Cc 61. 11, H 7.06, N 8.91 
Found. “ 60.84, “7.17, “ 9.08 
Anhydrous Substance 
(CysH20ON:)2H»SO,. Calculated. C 62.91, H 6.94, N 9.17 
Found. “ 62.94, “6.96, “ 9.16 


Acetyl-a-Dihydrolysergol—30 mg. of the base were refluxed for 
2 hours with 1 cc. of acetic anhydride. After removal of the excess 
anhydride under diminished pressure the residue was recrystal- 
lized from ethyl alcohol. It formed irregular leaves which melted 
at 200°. 
CisH2O0,N:. Calculated. C 72.54, H 7.43, N 9.39 
Found. ** 72.46, ‘* 7.53, “ 9.60 


The acetyl derivative was insoluble in water but dissolved in 
dilute sulfuric acid. From more concentrated solutions the sul- 
fate crystallizes readily. 

13.103 mg. of the acetyl derivative were refluxed with 3 cc. of 
0.1 N alkali and 2 cc. of alcohol for 4 hours and then titrated back 
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against phenolphthalein. Found, 0.328 cc. of NaOH. Calcu- 
lated for 1 mole of acetic acid, 0.440 ce. 

Base II, CyuHeoN2(?)—The methyl! alcoholic filtrate from the 
above base was evaporated to dryness and the residue was dis- 
solved in 2 ce. of water. A viscous oil remained undissolved, which 
slowly but entirely dissolved on extraction with ether. The re- 
maining aqueous solution was set aside to be further treated as 
described below for the isolation of hydroxyisovaleric acid. The 
ethereal extract after concentration was placed in a small sublima- 
tion outfit. This consisted of a Pyrex pear-shaped test-tube with 
a wide flat bottom and fitted with a small side tube for connec- 
tion with the vacuum pump. The substance was placed on the 
bottom of this. In the mouth of the tube a smaller tube for con- 
densation was fitted with a ground joint. In this smaller tube 
water could be circulated or chopped ice or a dry ice-acetone mix- 
ture could be introduced for chilling. After introduction of the 
concentrated ether solution, the remaining ether was removed 
under reduced pressure. A residue of 400 mg. remained. This 
was then fractionally sublimed. A fraction was first taken at an 
oil bath temperature of 160° and 5 mm. pressure. 50 mg. of an 
oil had sublimed. It could not be induced to crystallize and was 
finally converted into the picrate which crystallized readily from 
ethyl alcohol. It melted upon repeated recrystallization from 
alcohol at 246°. It does not contain an N-methyl group and does 
not give the Keller color test for the ergot alkaloids. 


CuHooN2(CgsH O7Ns)2. Calculated. Cc 46. 28, H 3.88, N 16.61 
Found. ** 46.28, ‘* 3.96, ** 16.44 
** 46.99, “* 3.89, “ 16.70 


B-Dihydrolysergol, C\sH200N2—After sublimation of Base II the 
pressure of the sublimation apparatus was then reduced to 0.15 
mm. and the temperature of the oil bath was slowly raised to 220°. 
The resulting sublimate was removed from the condenser with 
methyl alcohol and the solution was evaporated to dryness. A 
viscous residue of 280 mg. remained. This was dissolved in 1 cc. 
of methyl alcohol. After standing for some time in the refrigera- 
tor, a crystalline mass separated. After collection with a few drops 
of methyl alcohol it weighed 50 mg. 
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[a]p = —64° (c = 0.5 in pyridine) 
CisH2vONs. Calculated. C 74.96, H 7.87, N 10.93 
Found. “ 75.08, “ 7.47, “ 11.09 
“ 75.01, “ 7.78, “ 10.84 


The base crystallized in leaflets which melted at 190°. It was 
quite soluble in methyl alcohol but insoluble in water. It dis- 
solved in hot dilute acids as did the a-isomer and formed a crys- 
talline hydrochloride and sulfate upon cooling. It contains one 
N-methyl group, as is shown by analysis of the sulfate. The latter 
melted at 305°. For analysis the substance was dried at 120° 
and 0.2 mm. 


(CisH2eON;):H-SO,. Calculated. C 62.91, H 6.94, N 9.17, NCH; 9.50 
Found. “ 62.91, “ 6.53, “9.39, “ 8.76 
** 62.67, “ 6.85, “ 9.56 


Acetyl-8-Dihydrolysergol—The above base reacted readily with 
acetic arhydride. 30 mg. were refluxed for 2 hours with 1 cc. 
of acetic anhydride. The acetic anhydride was removed under 
reduced pressure and the residue was dissolved in dilute sulfuric 
acid. Excess sodium carbonate was then added and the precipi- 
tated oil was extracted with ether. After evaporation of the ether 
the residue was recrystallized from benzene. It crystallized in 
needles which melted at 129°. 


CisH20.N:. Calculated. C 72.54, H 7.43, N 9.39 
Found. ** 71.99, “ 7.31, “ 9.51 


a-Hydroxyisovaleric Acid—The aqueous layer from the ether 
extraction of Base II and 8-dihydrolysergol described above was 
acidified to Congo red with dilute sulfuric acid and extracted with 
ether. The aqueous layer contained a viscous tar which could not 
be crystallized. Excess sodium carbonate solution was added and 
the mixture was evaporated to dryness. It was then extracted 
with ethyl alcohol and the insoluble mixture of sodium sulfate and 
carbonate was removed by filtration. Evaporation of the alcoholic 
filtrate yielded 300 mg. of residue which was amphoteric. In- 
vestigation of this material must be left for future work. 

The ether layer was dried with NaeSO, and evaporated to dry- 
ness. 100 mg. of an oily acid remained. Upon sublimation from 
the steam bath at 20 mm. pressure colorless crystals were obtained 





W. A. Jacobs and L. C. Craig 603 


which were recrystallized from petroleum ether. The substance 
melted at 82°. 


CsHioO;. Calculated. C 50.81, H 8.55 
Found. ** 51.47, “ 8.53 
* 61.19, “ 8.73 


Isobutyrylformic acid has been previously isolated by us from 
ergotinine on alkaline hydrolysis. Accordingly a-hydroxyiso- 
valeric acid should be expected as a product of the above sodium 
reduction. The melting point recorded in the literature for this 
acid is 82°. 

Base IV—The combined hydrochlorides from the steam-vola- 
tile bases were placed in a sublimation apparatus and carefully 
decomposed in the cold with 5 drops of 25 per cent sodium hydrox- 
ide. The condenser of the sublimation apparatus was cooled 
with a carbon dioxide and acetone mixture. The temperature 
of the water bath in which the apparatus was immersed was slowly 
raised to 100°. The sublimate obtained up to this point at 760 
mm. was removed and washed off with dilute hydrochloric acid. 
The pressure in the apparatus was then reduced to 20 mm. 
and the temperature was again slowly raised to 100°. These 
conditions gave additional sublimate which was removed from 
the condenser with dilute hydrochloric acid. This was combined 
with the first and evaporated to dryness. 110 mg. of a viscous, 
syrupy hydrochloride remained. This material was removed to a 
small test-tube with a few drops of water and then decomposed 
with a few drops of strong sodium hydroxide solution. The re- 
sulting oil was dissolved in a minimal volume of ether and the ether 
layer was removed with a capillary pipette. The alkaline solution 
was washed again with a minimal amount of ether and the com- 
bined ether solutions were dried overnight with solid potassium 
hydroxide. On fractionation in a microstill‘ a very small amount 
of a volatile base distilled with the ether up to a temperature of 
80° (oil bath temperature). On further distillation at 760 mm. 
approximately 50 mg. of a clear viscous base distilled at an oil 
bath temperature of 220-230°. 20 mg. of base were then collected 
at 185° and 18 mm. pressure. 

Crystalline derivatives could not be isolated from the first and 
third fractions but the second fraction gave two crystalline prod- 
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ucts. It was taken up in ether and from this was precipitated an 
oily mixture of picrates by addition of an ether solution of picric 
acid. This mixture crystallized under alcohol. 

After recrystallization from ethyl alcohol 11 mg. of picrate 
of Base IV were obtained which melted at 226°. Although fur- 
ther recrystallization did not raise the melting point, the homo- 
geneity of the substance is in question, since the analytical results 
from different preparations did not show good agreement. Be- 
cause of lack of material the following tentative results will be 
reported. The compound did not contain an NCH; grouping and 
did not give the characteristic blue color with Keller’s reagent. 


CicHsoN:(CsH,O;N;)s. Calculated. C 42.17, H 4.18, N 17.89 
Found. “ 42.86, “ 4.28, “ 17.29 
“ 42.29, “ 4.09, “ 17.48 


Di(p-Bromobenzoyl) Derivative of Base V, CsHiyON(?)—The 
mother liquors from the above picrate were evaporated to dryness 
and after addition of an excess of dilute hydrochloric acid the picric 
acid was removed by extraction with ether. The hydrochloric 
acid solution was then evaporated to dryness. The residue was 
treated with 200 mg. of p-bromobenzoyl chloride and 4 ce. of 10 
per cent sodium hydroxide. It was warmed gently at first and 
finally on the steam bath until the odor of the acid chloride dis- 
appeared. The cooled mixture was extracted with ether, and the 
ether solution was dried with potassium carbonate and evaporated 
to dryness. The residue was heated with a small volume (about 
1 ec.) of ethyl alcohol, and undissolved p-bromobenzoie anhydride 
was filtered off. The filtrate on standing yielded rather stout 
needles, which were collected with alcohol (20 mg.). The sub- 
stance melted at 149°. 

CyoH,,O;NBr,. Calculated. C 49.90, H 3.98, N 2.91, Br 33.23 


Found. “ 49.46, “ 4.05, “3.21, “ 33.12 
“ 49.36, “ 4.09, “ 2.83, “33.43 


The substance did not contain the NCH; grouping and did not 
give the characteristic blue color in the Keller test for the ergot 
alkaloids. 

The molecular weight determination was made by the Rast 
method. 2.910 mg. of substance: 29.19 mg. of camphor, A = 
7.6°. Molecular weight found, 526; calculated, 480.9. 
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On boiling with 0.1 Nn alkali, approximately 1 equivalent was 
consumed, indicating the saponification of an ester linkage. 

11.470 mg. of substance were refluxed for 4 hours with 1.5 cc. 
of alcohol and 3 ce. of 0.1 N sodium hydroxide and then titrated 
against phenolphthalein. Found, 0.268 cc.; calculated for 1 equiv- 
alent, 0.238 ce. 

From this hydrolysis solution p-bromobenzoic acid melting at 
150° was isolated and also an oil which, however, could not be 
crystallized. 

Base VI—The residue which remained in the sublimation ap- 
paratus after sublimation of the mixture of Bases IV and V was 
treated with a few drops of water and then extracted with ether. 
The ether extract after being dried with potassium carbonate and 
evaporated to dryness gave 50 mg. of an oil. This was distilled 
in a microstill under 16 mm. pressure and appeared to distil when 
the temperature of the oil bath was approximately 180°. 40 mg. 
of a clear viscous distillate were so obtained. This material failed 
to give a crystalline picrate. It was insoluble in water but was 
completely soluble in dilute hydrochloric acid. 

This fraction was acylated by treating with 100 mg. of p-bromo- 
benzoyl! chloride and 2 ec. of 10 per cent sodium hydroxide. The 
mixture was heated gently at first and finally on the steam bath 
with vigorous shaking until all the free acid chloride had disap- 
peared. The resulting reaction product was extracted with ether, 
and the ether solution was dried with K,CO; and then concen- 
trated to dryness. The residue was refluxed for 2 hours with 
ethyl alcohol to destroy any acid anhydride. After concentrating 
somewhat and chilling, a substance crystallized as long needles. 
15 mg. were collected with alcohol. The substance melted at 204°. 


C.:H:,O;NBr;. Calculated. C 53.39, H 3.71, N 2.70, Br 31.01 
Found. “ 53.16, “ 3.55, “ 2.93, “ 31.05 


Reductive Cleavage of Lysergic Acid Methyl Ester—240 mg. of 
lysergic acid methyl ester were reduced exactly as in the case of 
ergotinine with 1 gm. of sodium and 20 ce. of butyl alcohol. The 
substance was steam-distilled until 200 cc. of distillate were col- 
lected. The distillate after acidification with dilute hydrochloric 
acid and evaporation to dryness yielded no residue corresponding 
to the volatile bases obtained in the case of ergotinine. The aque- 
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ous alkaline residue from the steam distillation was saturated with 
carbon dioxide, and after concentration to dryness gave a residue 
from which the organic bases were extracted with alcohol. After 
removal of alcohol from the extract the residue was dissolved in 
methyl alcohol. After concentration to about 1 cc. and standing 
in the ice box, crystals of a-dihydrolysergol separated. After 
collection with a few drops of methyl alcohol, the substance 
weighed 25 mg. It proved to be identical with the base obtained 
from ergotinine. It melted at 282°. 


CiusH2eON:. Calculated. C 74.96, H 7.87 
Found. * 74.88, “ 7.55 


The methyl alcoholic mother liquor was concentrated to dryness 
and the residue was treated with 1 cc. of water. The viscous oil 
which remained was extracted with ether and the aqueous layer 
set aside. The ether extract after being dried with K,CO; gave on 
evaporation to dryness a residue of 70 mg. When dissolved in a 
few drops of methyl alcohol and seeded with a crystal of 8-dihy- 
drolysergol, crystallization immediately began. 12 mg. of crys- 
tals were collected with a few drops of methyl alcohol. The base 
showed all the properties of the 8 base and melted at 190°. 


CisH20ON3. Calculated. C 74.96, H 7.87 
Found. ** 75.02, “ 7.46 


When the aqueous layer from the ether extraction was worked 
up, 58 mg. of dihydrolysergic acid were obtained and about 90 mg. 
of an amorphous, much more soluble, amphoteric material. 


Addendum—Since this paper was sent to press we have had opportu- 
nity to check directly the suggestion given in the introduction that Base 
VI might be that portion of the alkaloid molecule responsible for the pro- 
duction of benzoic and p-nitrobenzoic acids on oxidation. On hydrolysis 
of its diacyl derivative, the base itself has now been obtained. This 
base, apparently a phenylpropanolamine, has given p-nitrobenzoic acid 
on oxidation with nitric acid. 

This fact together with other as yet unpublished observations offers 
the suggestion that certain fragments of the alkaloid molecule may have 
as their precursors amino acids or substances related to them. The in- 
vestigation is being continued from this standpoint. 
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In recent years, certain lipids have been found to have an essen- 
tial réle in the vital economy of living cells. The earlier evidence 
suggesting this relationship was reviewed in 1930 by Bloor, Okey, 
and Corner (1). Experimental proof of the phenomenon has been 
based upon two separate procedures. The first method was 
originally proposed by Mayer and his coworkers, especially Schaef- 


fer and Terroine, and consisted in demonstrating that phospho- 
lipids and cholesterol are present in constant amounts in living 
tissue irrespective of the state of nutrition. These authors as- 
cribed to phospholipids and cholesterol and their relative propor- 
tions an essential function in cellular physiology and designated 
them the élément constant, a conception which was substantiated 
by the extensive studies of Bloor (2). 

The second method has been to follow the changes in the various 
lipid constituents of a tissue over a period of time during which its 
physiological activity rises and falls. The ovary or the corpus 
luteum has been frequently selected for this purpose. The corpus 
luteum has been studied by Eufinger and Bader (3), Momigliano 
(4), von Mikulicz-Rodecki (5), Kaufmann and Raeth (6), and 
Bloor, Okey, and Corner (1). The results of these studies have 
indicated that physiological activity of the corpus luteum is asso- 
ciated with the presence of increasing amounts of phospholipids 
and usually also free cholesterol; degeneration or retrogression is 
characterized by falling values for phospholipid and increasing 
amounts of ester cholesterol and neutral fat. Similar experiments 
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on other tissues of the body have shown that physiological ac- 
tivity, whatever its nature, is associated with these specific changes 
in the lipid composition of the tissue in question. Okey, Bloor, 
and Corner (7) have investigated the uterine mucosa of the sow 
and Bloor and Snider (8) the skeletal muscles of rabbits and birds, 
Boyd has recorded an increase in the phospholipid content of the 
white blood cells (9) when these cells were called upon to offset 
infection following parturition (10), surgical operations (11), and 
fevers (12). 

It has been often suggested that changes in fat metabolism dur- 
ing pregnancy are due to alterations in the function of the sex 
glands (for a review of the literature see Boyd (13)). The ac- 
tivity of the ovary and in particular the corpus luteum of the 
rabbit during pregnancy is at present in dispute and it was thought 
that lipid analyses might offer information of value in establishing 
the activity of these glands. Allen and Corner (14) have shown 
that pregnancy will continue after double oophorectomy in rabbits 
provided that sufficient doses of progestin, a hormone of the corpus 
luteum, be administered. Continued activity of the corpus lu- 
teum appears to be necessary at all stages of pregnancy in rabbits, 
but it has not been demonstrated whether the same degree of 
activity is necessary at all stages. In other words, the minimal 
dose of progestin necessary to maintain pregnancy in rabbits 
after double oophorectomy has not been established over the whole 
period of gestation. Evidence that the activity of the corpus 
luteum declines after the middle of pregnancy in rabbits was ob- 
tained by Deansly and Parkes (15). These investigators made 
use of the progestational changes in the mucosa of the sterile uter- 
ine horn as presumptive evidence of luteal activity. Retrogres- 
sion of the uterine mucosa in the sterile horn was found to set in 
after the 16th day or in other words the middle of pregnancy. 
Although it is possible that such degenerative changes could not 
have been prevented even if luteal hormone had been administered, 
Deansly and Parkes (15) concluded with previous authors that 
luteal activity diminishes after the middle of pregnancy in rabbits. 

Since there appears to be some difference of opinion concerning 
the activity of the sex glands during gestation in the rabbit, it 
was decided to investigate the function of the ovary chemically. 
Pseudopregnancy is considered to be a condition maintained by 
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the activity of hormones, particularly those of the corpus luteum, 
and hence the ovaries of pseudopregnant rabbits were likewise 
studied. Pseudopregnancy may be induced by mating a female 
rabbit with a castrated buck rabbit. It lasts about 14 days and 
is accompanied by histological changes in the corpora lutea 
analogous to those in the corresponding period of normal preg- 
nancy. Throughout pseudopregnancy, the female rabbit is non- 
receptive to the male. 


Method 


The lipid composition of the ovary was determined at various 
stages during pregnancy and pseudopregnancy in rabbits. Nor- 
mal pregnancy was induced by mating the female with a healthy 
buck rabbit and the duration of pregnancy calculated as the 
number of days from the time of mating. The success of the 
mating was checked by inspection of the uterine horns before 
removing the ovaries for analysis; in a few cases the animal was 
found to be non-pregnant and was discarded. The calculated 
duration of pregnancy was checked by determining the weights of 
the fetuses. Pseudopregnancy was induced by mating a female 
with a sterilized buck rabbit and the success of this checked by 
comparing the appearance of the corpora lutea with those in 
virgin female rabbits and pregnant rabbits. The pseudopregnant 
rabbits had well developed corpora lutea. 

The animals were fed the usual cabbage diet and kept under 
standard conditions of temperature, etc., in separate cages. No 
food was allowed for 24 hours preceding oophorectomy, although 
probably this precaution was superfluous. A laparotomy was per- 
formed under ether narcosis and the ovaries removed and carefully 
stripped of all ligamentous tissue. The ovaries were then weighed 
and ground to a fine mud with cleaned sand. They were next ex- 
tracted with 200 to 300 volumes of alcohol-ether, 3:1, aided by 5 
to 10 minutes of boiling on the steam bath. After cooling, the 
extract was filtered, the residue washed several times with small 
portions of alcohol-ether, and the combined filtrates made up to 
a volume of 100 cc. Aliquots of this extract were then taken for 
the determination of total fatty acids, total cholesterol, free cho- 
lesterol, and phospholipids, the Bloor oxidative microtechnique 
as modified by Boyd (16) being used. From these values deter- 
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mined experimentally were calculated the values for the four main 
groups of tissue lipids, namely phospholipids, free cholesterol, 
cholesterol esters, and neutral fats, the factors evaluated in a 
previous paper being used (16). The term, neutral fat, was used 
to designate the fatty acids not accounted for after subtracting 
from the total fatty acids the fatty acids of phospholipid and cho- 
lesterol esters. It was considered that this residual fraction, the 
“neutral fat fatty acids,” was probably composed of fatty acids 
which existed in the tissue in combination with glycerol but other 
combinations may exist and there may be a small amount of free 
fatty acids in rabbit ovaries. 


Results 


Analyses were performed on the ovaries of rabbits from the 7th 
to the 32nd day or termination of normal pregnancy and from the 
5th to the 14th day or termination of pseudopregnancy. With 
each extract, the ten lipid values as given by Boyd (16) were 
determined but only four of these need be reported in detail; the 
remainder may be calculated from values given. Values for phos- 
pholipid, free cholesterol, ester ‘cholesterol, and neutral fat have 
been depicted graphically in Figs. 1 to 4 respectively. Curves 
indicating the changes in the ovaries of pregnant animals have 
been represented by solid lines and dots; curves for pseudopreg- 
nant animals have been given as interrupted lines and small circles. 
In each figure, variation in the concentration of a lipid has been 
compared in pregnant and pseudopregnant animals according to 
the duration of pregnancy or pseudopregnancy. The units used 
throughout were mg. per 100 gm. of tissue (moist weight). 

The phospholipid (Fig. 1) content of the ovaries was found to 
increase during the first half of pregnancy, reaching a maximum 
about the 16th day. After that, the percentage of phospholipid 
steadily fell during the second half of pregnancy and at the 32nd 
day or termination of normal pregnancy values were recorded 
which were similar to those in early pregnancy. The increase 
from the lowest figure at 7 days (about 1000 mg. per cent) to the 
highest figure at 16 days (about 4000 mg. per cent) was 300 per 
cent. Although there was considerable variation between ani- 
mals at the various periods of pregnancy, it will be obvious from 
Fig. 1 that the trend of results showed that phospholipid tended to 
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increase in the ovaries in the first half of pregnancy and then to 
decrease in the latter half. Thus at 7 days the highest value 
found for phospholipid was 2760, at 14 days 2970, at 15 days 3330, 
and at 16 days 3940 mg. per cent. By taking the lowest values 
at each period it may be shown that the phospholipid content like- 
wise increased in the fi-st half of gestation. At 24 days the value 
fell to 3320 mg. per cent, and at term the average value was under 
2000 mg. per cent. 
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Fig. 1. Variation in the phospholipid content of the ovary during preg- 
nancy and pseudopregnancy in rabbits. 








Changes in the phospholipid content of ovaries in pseudopreg- 
nant animals were similar to those in pregnant animals at the 
corresponding period of gestation. Rising from a mean value of 
1490 mg. per cent on the 5th day of pseudopregnancy, the phos- 
pholipid value reached an average of about 2300 mg. per cent at 
the end of pseudopregnancy. The highest initial value was 1930 
mg. per cent and the highest terminal value 2940 mg. per cent. 
These changes indicate that in pseudopregnancy the phospholipid 
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content of the ovary in rabbits increases just as it does in the first 
half of normal pregnancy. 

According to the premise developed in the first part of this 
paper, t.e. that an increase in phospholipid characterizes increased 
tissue activity, these results may be taken to indicate that the 
ovary of rabbits becomes increasingly more active in the first 
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Fie. 2. Variation in the free cholesterol content of the ovary during 
pregnancy and pseudopregnancy in rabbits. 


half of pregnancy and then retrogresses in the latter half. Al- 
though these results were obtained on whole ovaries, it is probable 
that the variations noted were due in a large part to changes in 
the corpora lutea. These organs form a conspicuous part of the 
bulk of ovaries in gravid rabbits and it is not unlikely that most of 
the lipid variations recorded were due actually to changes in the 
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corpora lutea. On the other hand, the concentration of lipids 
may be affected by variations in the remaining stroma of the ovary, 
such as ripening of Graafian follicles, etc. On the basis of the 
phospholipid curve, Fig. 1, it may be concluded that the physi- 
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Fig. 3. Variation in the ester cholesterol content of the ovary during 
pregnancy and pseudopregnancy in rabbits. 


ological activity of the ovary increases to the 16th day of gestation 
and then declines in the latter half of pregnancy. Inasmuch as 
the period of increasing ovarian activity corresponds approxi- 
mately to the period of pseudopregnancy, and the beginning of 
decline in ovarian activity to the termination of pseudopregnancy, 
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the evidence suggests that pseudopregnancy is maintained by the 
function of the ovary and that pseudopregnancy comes to an end 
when ovarian activity begins to decline. 

Free cholesterol (Fig. 2) was found to behave in a manner similar 
to that of phospholipid. That is to say, the concentration of free 
cholesterol in the ovary increased in the first half of pregnancy to 
a peak at the 16thday and then declined in the latter half of gesta- 
tion. The lowest value for free cholesterol was found in a rabbit 
which was 5 days pseudopregnant and in which the concentration 
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Fig. 4. Variation in the neutral fat content of the ovary during preg- 
nancy and pseudopregnancy in rabbits. 








of the lipid was slightly over 200 mg. per cent. The highest value 
for free cholesterol occurred in a rabbit which was 17 days preg- 
nant, the value being 820 mg. per cent. The maximum increase 
in free cholesterol was therefore over 300 per cent. Again there 
was a certain amount of variation between animals: at the 7th 
day of pregnancy values for free cholesterol were found between 
285 and 480 mg. per cent. As depicted in Fig. 1, however, it is 
apparent that the free cholesterol of rabbit ovaries increases up to 
the 16th to 17th day of pregnancy, the increase being most rapid 
just before the middle of pregnancy. By the 32nd day of gesta- 
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tion, the concentration of free cholesterol was noted to fall to 
values approximately the same as those in early pregnancy. 

In the pseudopregnant animals, free cholesterol varied between 
220 and 342 mg. per cent at the 5th day and increased to 270 to 
450 mg. per cent at the termination of pseudopregnancy. The 
increase corresponded roughly to a similar increase in the same 
period of normal pregnancy. Free cholesterol, like phospholipid, 
also increases when a tissue becomes physiologically active. 
Hence the results may be taken to substantiate the conclusions 
deduced from the changes in phospholipid, namely that the ac- 
tivity of the ovary in rabbits increases up to the mid-point of 
gestation and then declines in the latter half. 

Ester cholesterol (Fig. 3) exhibited no obvious trends up to the 
14th day of pregnancy. In this early period, the values varied 
considerably. For example, of six ovaries examined on the 7th 
day of gestation, the concentration of ester cholesterol was found 
to fall between 320 and 1850 mg. per cent. On the 15th day there 
occurred a sudden rise in the concentration of ester cholesterol to 
between 2500 and 2900 mg. per cent. By the 24th day, the values 
were even higher, being found within the range of 3500 to 4000 
mg. per cent. On the 31st day, the concentration of ester cho- 
lesterol, though still high, began to decline to levels between 3100 
and 3250 mg. per cent. Two ovaries examined on the last day of 
gestation were found to contain much less ester cholesterol, 
around 1500 mg. per cent. 

Since increasing values for cholesterol ester have been described 
previously as typical of retrogression in the ovaries, the results 
just described add further proof to the conclusions deduced from 
the changes in phospholipid and free cholesterol. The analyses 
indicate that about the 15th day of pregnancy there is a sudden 
increase in the cholesterol ester content of rabbit ovaries. From 
the evidence submitted by phospholipid determinations it was 
apparent that at this point in pregnancy the ovary is at the peak 
of its activity; the coincident appearance of an increase in cho- 
lesterol esters suggests that at this time the degenerative or retro- 
gressive process has already begun to set in. The curve for ester 
cholesterol in Fig. 3 indicates further that retrogression of the 
ovary continues at least until the 3lst day. Curiously enough, 
the ovaries examined on the 32nd day showed less ester cholesterol, 
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which, on the face of it, suggests a tendency for increased activity 
of the ovary on the last day of gestation. This deduction is diffi- 
cult to reconcile with the conclusions based on the results with 
phospholipid and free cholesterol. 

In pseudopregnant animals, the ovarian ester cholesterol was 
found to be increased on the last day of pseudopregnancy, at a 
period slightly earlier than in normal pregnancy. These findings 
suggest that in pseudopregnancy the ovary begins to decline in ac- 
tivity just before the termination of the condition and that, in 
fact, this decline may be the cause of the termination. 

Neutral fat (Fig. 4) also exhibited marked changes in the ovaries 
of the animals studied. From the lowest value at 7 days of slightly 
over 0 mg. per cent there occurred a tremendous increase to almost 
10,000 mg. per cent at the middle of pregnancy. Throughout 
the latter half of pregnancy the neutral fat content of the ovaries 
remained elevated at values between 6000 and 8000 mg. per cent. 

In the pseudopregnant animals, there was found a marked varia- 
tion in the neutral fat of the ovaries from animals at the same day 
of pseudopregnancy, which tended to obscure any obvious trend in 
the value of ovarian neutral fat over the period of this condition. 
Just before the termination of pseudopregnancy, the ovary was 
found to contain between 1800 and 8100 mg. per cent of neutral 
fat as against a range of 2100 to 5300 mg. per cent at the 5th day. 
The results suggest that a slight increase occurs in the neutral fat 
of the ovaries between the beginning and end of pseudopregnancy. 
Since a high percentage of neutral fat occurs when a tissue becomes 
inactive, these results bear out the conclusions reached from a 
study of the previous three lipids, namely that the ovary of the 
rabbit reaches a peak of activity about the middle of pregnancy 
and from then on its activity falls off. 


SUMMARY 


The concentration of phospholipid, free cholesterol, cholesterol 
ester, and neutral fat in the ovaries of rabbits was found to vary 
according to the duration of pregnancy and pseudopregnancy. 
Up to the 14th to 16th day of normal pregnancy phospholipid and 
free cholesterol were found to increase, the maximum increase being 
300 per cent. During this time, cholesterol ester and neutral fat 
underwent comparatively minor variations. Beginning about the 
middle of pregnancy, phospholipid and free cholesterol began to 
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decline in value and coincidently there occurred marked increases 
in cholesterol esters and neutral fat. In the latter half of preg- 
nancy, phospholipid and free cholesterol fell until at term they 
exhibited the same levels which they possessed at the beginning of 
gestation. In the latter half of pregnancy ester cholesterol re- 
mained high in value until the last day, when its value fell, while 
neutral fat maintained a high concentration throughout this period. 
These results were interpreted as indicating that the ovary, 
and probably more especially the corpus luteum, reaches a peak 
of activity about the middle of gestation in rabbits and then de- 
clines as term approaches. Variations in the lipid composition of 
ovaries from pseudopregnant rabbits were analogous in most par- 
ticulars to the changes in the first half of pregnancy. There was 
evidence that ovarian activity, as measured by lipid composition, 
begins to decline somewhat earlier in pseudopregnant than in 
normally pregnant rabbits. It was suggested that this decline in 
ovarian activity is probably responsible for the course of events 
leading to the termination of pseudopregnancy in rabbits. 


The author wishes to thank Dr. A. W. Makepeace for providing 
him with many of the ovaries used in this investigation. 
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The manner in which amino acids are oxidized in the body has 
been the subject of a large amount of work. With respect to the 
mechanism of deamination there is a divergence of opinion. How- 
ever, it is generally accepted that in the oxidation of the deaminized 
residue a fatty acid with 1 less carbon atom is formed as an inter- 
mediate. Such a concept can be tested experimentally in any 
way which permits of a comparison of the products formed in the 
body from an amino acid and the corresponding fatty acid with 1 
less carbon atom. Scott and Rose (1) made such a comparative 
study on norleucine, isoleucine, and valine by determining quanti- 
tatively the acetone bodies or glucose formed in a phlorhizinized 
dog from these three amino acids and the corresponding shorter 
fatty acids. Their results render it improbable that the latter 
were intermediates in the metabolism of the former. In order to 
study the question by a different method, it was decided to com- 
pare the products formed from some pheny] derivatives of these 
amino acids and the corresponding phenylated fatty acids with 1 
carbon atom less. 

Of all the possible substituted acids those with the phenyl group 
at the end of a chain offer the best possibility for obtaining clear 
cut results. For that reason we have prepared the following 
w-substituted acids. 


* Part of the experimental data in this paper was submitted in partial 
fulfilment of the requirements for the degree of Doctor of Philosophy in 
Chemistry in the Graduate School of the University of Illinois. 
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All but one of the above amino acids, when they are oxidized in 
the body, should yield branched chain fatty acids with the end 
carbon atoms marked by phenyl groups. Since the effect of sub- 
stituents in various positions on the oxidation of branched chain 
acids has not been satisfactorily determined, it was apparent from 
the beginning that a thorough examination of the metabolism of 
such acids must precede a study of the amino acids. For that 
purpose we have prepared a series of phenylated fatty acids sub- 
stituted with methyl and ethyl groups in various positions. The 
metabolism of some of these has been studied already. It is 
hoped that the addition of other members of the series will yield 
sufficient data for the formulation of a clear concept of the mechan- 
ism of oxidation of branched chain acids. It will then be possible 
to determine the metabolic changes undergone by the substituted 
amino acids. 

Only one of the desired amino acids has been previously pre- 
pared. Von Braun (2) made a-amino-e-phenyleaproic acid by 
the following series of reactions. 


C.Hs(CH;),Br — CsHs(CH;),CH(CO,C,Hs); —+ CsHs(CH:)\CH(CO,H); — 
C.Hs(CH;),C(Br)(CO,H),; —> C,Hs(CH:),CHBr—CO,H — 
a a 
NH; 


This general method appeared to be suitable for the preparation of 
all the desired amino acids in amount sufficient for feeding pur- 
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poses. It possessed the additional advantage that by decarboxy- 
lating the malonic acids several of the needed fatty acids could be 
prepared. 

However, in the case of the branched chain amino acids, diffi- 
culty was encountered in two of the above steps. The preparation 
of the malonic esters was troublesome, since the secondary bro- 
mides reacted very slowly. Those containing only one phenyl 
group were condensed with malonic ester in good yields after sev- 
eral modifications of the conditions generally used in such reactions 
were made. Those containing two phenyl groups could not be used 
for preparing the malonic esters since the yields were too low to be 
feasible for making substances in the quantities needed. 

Although the diphenyl-substituted malonic esters could not be 
made from the corresponding bromide, excellent methods for their 
synthesis were worked out. The reactions used are shown in the 
following equations. 


C.H,CH=CH—CH=—C(CO,CH;): + C.HsCH;MgCl — 
aeNmNtA wre. —? menrumeerss wiatepinen ps 


= a 
CeHs C.Hs 


er wrereig: (EY Nee Gp 


in 
C.Hs 


C,H,OCH=C(CO,C,Hs): + CsoHsCH:MgCl — (C.H»CH;),;CH—CH(CO,C,Hs), 


The second step which had to be modified was the conversion of 
the brominated malonic acids to the amino acids. In attempting 
to decarboxylate the branched chain bromomalonic acids a con- 
siderable amount of hydrogen bromide split out along with the 
carbon dioxide. In order to avoid this loss the bromine was re- 
placed with an amine group before carbon dioxide was eliminated 
from the molecule. In this manner good yields of the amino acids 
were obtained. 

EXPERIMENTAL 


Bromides—These were all prepared from the corresponding alco- 
hol and phosphorus tribromide. However, better methods were 
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found in several cases. An improved method for synthesizing 
5-phenylbutyl bromide is included here. 

All of the secondary bromides contained some unsaturated hy- 
drocarbon, which was difficult to remove completely since small 
amounts were formed on distillation by the splitting out of hydro- 
gen bromide. They were sufficiently pure for synthetic purposes 
and were used in preparing the malonic esters with no further 
treatment. 

1-Phenyl-2-Bromobutane—Benzylethyl ketone (Kistler, Swann, 
and Appel (3)) was reduced quantitatively to benzylethylcar- 
binol by the method of Adkins and Connor (4). The reaction 
went smoothly and rapidly at a temperature of 170-190°. 168 
gm. of benzylethylearbinol were placed in a 500 cc. 3-necked flask 
fitted with a stirrer, short condenser containing a gas trap, and a 
dropping funnel. The flask was cooled in an ice-hydrochloric acid 
bath to —5° and 110 gm. of phosphorus tribromide were added 
with vigorous stirring at such a rate that the temperature never 
rose above 5°. After the addition was complete the reaction mix- 
ture was allowed to come to room temperature and was heated 
then 6 hours at 70-80°. The contents of the flask were poured on 
ice and the bromide extracted with petroleum ether. The solu- 
tion was washed with sodium carbonate and water, and was dried 
over anhydrous sodium sulfate. The petroleum ether was dis- 
tilled through a 20 cm. column and the residue fractionated. Prac- 
tically all distilled at a constant temperature. The yield of crude 
bromide was 214 gm. (91 per cent of the theoretical amount). 
For analytical purposes this bromide was purified by washing 
several times with cold 92 per cent sulfuric acid. It was then 
washed with sodium carbonate and water, dried, and distilled 
rapidly at a low pressure. 

1-Phenyl-2-Bromopropane—Schroeter et al. (5) made this sub- 
stance from the alcohol and saturated hydrobromic acid under 
pressure. The following method is simpler and gives excellent 
yields. 

Allyl benzene was made by the method of Tiffeneau (6). The 
phenylmagnesium bromide from 67.8 gm. of magnesium and 440 
gm. of bromobenzene was poured into a 3 liter 3-necked flask, care 
being taken that no unchanged magnesium was present. 295 
gm. of allyl bromide were added at such a rate as to cause gentle 
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refluxing. After the addition was complete, the mixture was 
stirred and refluxed for 2 hours. It was then poured into iced 
dilute sulfuric acid. The ether layer was separated, washed with 
water, and dried over anhydrous sodium sulfate. The ether was 
distilled through a 20 cm. column and the residue was fractionated 
under reduced pressure. The main fraction distilled at 65-70° 
at 20 mm. pressure. The yield was 230 gm. (78 per cent of the 
theoretical amount). 

200 gm. of glacial acetic acid containing 150 gm. of hydrogen 
bromide were placed in a 500 cc. bottle in an ice bath and 100 gm. 
of allyl benzene were added. A rubber stopper was wired in the 
bottle and it was allowed to come to room temperature slowly 
with occasional shaking. In 10 to 12 hours the original two layers 
merged into a clear red solution. After 24 hours the contents of 
the bottle were poured on crushed ice. The crude bromide was 
separated and the water layer extracted with petroleum ether. 
The two fractions were combined, washed with water and sodium 
carbonate, and dried over anhydrous sodium sulfate. The petro- 
leum ether was distilled through a 20 cm. column and the residue 
was fractionated. The yield of crude bromide (90-95 per cent 
pure) was 235 gm. (92 per cent of the theoretical amount). 

1-Phenyl-3-Bromobutane—Brewin and Turner (7) prepared this 
bromide by the action of phosphorus tribromide on the alcohol. 
No details were given. 

Method A—1-Phenyl-3-bromobutane was prepared in the same 
manner as 1-phenyl-2-bromobutane with the exception that the 
heating lasted only 1 hour. 183 gm. of 4-phenyl-2-butanol (Ad- 
kins and Connor (4)) and 123 gm. of phosphorus tribromide gave 
233 gm. (90 per cent of the theoretical amount) of 1-phenyl-3- 
bromobutane. This yield is somewhat better than that reported 
by Brewin. 

Method B—4-Phenyl-1-butene was made by the method of Levy 
and Sfiras (8). The unsaturated hydrocarbon was converted to 
the bromide by the method used for allyl benzene. The ad- 
dition of hydrogen bromide was less rapid and the yield of crude 
bromide was only 80 to 85 per cent of the theoretical amount. 

1-Phenyl-4-Bromobutane—Trimethylene bromohydrin was pre- 
pared by the method of Bogert and Slocum (9). y-Bromopropyl- 
p-toluenesulfonate was made by the method of Sekera and Marvel 
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(10). Since the ester decomposed slowly on distillation, the crude 
product was placed in a vacuum desiccator over phosphorus pen- 
toxide for 24 hours and used in the next step without further 
treatment. 

293 gm. of the crude ester in 600 cc. of dry ether were added 
to the benzylmagnesium chloride prepared from 36 gm. of mag- 
nesium and 190 gm. of benzyl chloride. The addition was regu- 
lated to cause gentle refluxing. The mixture was stirred and 
warmed for 8 hours after the addition was complete. The con- 
tents of the flask were poured into iced hydrochloric acid and the 
ether layer was separated, washed with water, and dried. The 


TaBie I 
Constants and Analyses* of Bromides 





Compound B.p. oe n> Sak: Br analysis (per cent) 





. mm. 


1-Pheny!-2-bromopropane..| 90- 91; 3 1,303) Schroeter et al. (5) 
1-Pheny!-2-bromobutane...| 98- 99) 1 1.262) 35.56 (calculated), 
35.31 (found) 
1-Phenyl-3-bromobutane...|105-106) 9 /|1.5335) 1.240) Brewin and Turner 
(7) 
1-Phenyl-4-bromobutane.. . 132-134) 12 von Braun (2) 




















* The microanalyses reported in this paper were made by K. Eder of 
this laboratory. 


ether was distilled and the residue fractionated. The over-all 
yield, calculated on the basis of the trimethylene bromohydrin 
used in the first reaction, was 55 to 65 per cent of the theoretical 
amount. 

The physical constants of the bromides are summarized in 
Table I. 

Malonic Esters—The bromides were condensed with malonic 
ester by the following method. Ethyl alcohol was dried over 
magnesium methylate (11). 300 cc. were distilled directly from the 
flask in which the alcohol was dried into a 2 liter 3-necked flask, 
equipped with a condenser bearing a calcium chloride tube, a 
dropping funnel, and a stirrer. 1 mole of sodium was cut into 
small strips and added through the condenser. It was necessary 
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to heat the flask to cause the last of the sodium to react. The 
flask was cooled to 50°, the stirrer started, and 1.5 moles of ma- 
lonic ester added slowly. 0.1 mole of finely ground potassium 
jodide was added and the flask was held at 70-80° while 1.0 mole 
of bromide was added very slowly (6 to8 hours). The temperature 
of the bath was then raised to 120-125° and held there for lengths 
of time varying with each bromide used. As much alcohol as 
possible was distilled and the residue cooled and poured into iced 
hydrochloric acid. The mixture was extracted three or four times 
with ether. The extracts were combined, washed with water, 
and dried. The ether was distilled through a 20 cm. column and 
the residue fractionated. A large amount of low boiling material 
was obtained. It consisted of malonic ester, unchanged bromide, 
and unsaturated hydrocarbon, due to loss of hydrogen bromide by 
the bromo compound. This mixture was used in subsequent runs, 
or the bromide was recovered by careful fractionation through a 
Widmer column. The main fraction was the substituted malonic 


ester. 
Ethyl 1-Carbethory-2-Benzyl-3-Phenylbutyrate—Ethoxymethyl- 
ene malonic ester was prepared by a slight modification of the 


method of Claisen (12). In a 1 liter flask fitted with a 12 inch 
Widmer column was placed a mixture of 150 gm. of orthoformic 
ester, 160 gm. of malonic ester, 260 gm. of acetic anhydride, and 
11.5 gm. of anhydrous zine chloride. The flask was heated to 
130—140° in an oil bath and the ethy] acetate and acetic acid formed 
were collected in a 500 cc. distilling flask protected from the air 
by a calcium chloride tube. After 5 hours heating the flask was 
cooled and the zine chloride was filtered. The filtrate was frac- 
tionated. The ethoxymethylene malonic ester distilled at 140- 
144° at 2mm. The yield was 100 gm. (46 per cent of the theoreti- 
cal amount). . 

The ester (1 mole) was added slowly to a large excess (4 moles) 
of benzylmagnesium chloride. The mixture was stirred and re- 
fluxed 1 hour after the addition was complete. The reaction mix- 
ture was poured into iced hydrochloric acid and the ether layer 
was separated, washed with water, and dried. The ether was 
distilled and the residue fractionated. The yield was 80 gm. (56 
per cent of the theoretical amount). 

The results of these experiments are reported in Tables II and III. 
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Malonic Acids—The substituted malonic esters were saponified 
by adding 1 mole of ester to a hot solution of 4 moles of potassium 
hydroxide in alcohol. 5 cc. of aleohol were used per gm. of ester. 
The reaction was vigorous and in most cases the salt began to 
separate almost immediately. After all the ester had been added, 
water was run in slowly until the salt dissolved and the mixture 
was refluxed 10 hours. The contents of the flask were poured 
into a large dish and evaporated to dryness on the steam cone to 
remove all the alcohol. The salt was dissolved in the minimum 
amount of water and added slowly to an excess of iced hydrochloric 
acid. The malonic acid was extracted with several portions of 
ether. The ether solution was washed twice with small portions 
of water and dried. The ether was evaporated below 60°, and the 


Taste II 
Mclonic Ester Syntheses 





R in R—CH(CO:C:Hs): Cede oy 





gm. hrs. 


C.HsCH:CH(CHs).................] 199 60 166 
319 60 
213 24 
219 10 332 

















crude malonic acid was placed in a vacuum desiccator over sul- 
furic acid. It slowly crystallized as the last traces of aleohol and 
water were removed. Most of the malonic acids solidified to a 
sticky mass in 2 to 3 days. Purification of the malonic acids was 
difficult since they were rather insoluble in several of the common 
solvents and entirely too soluble in others. The following pro- 
cedure finally gave satisfactory results with both the malonic acids 
and the bromomalonic acids. The substance to be recrystallized 
was dissolved in the minimum amount of dry ether. Benzene was 
added and the ether slowly evaporated at 50-60°. It was some- 
times necessary to seed with some of the crude acid. As the ether 
evaporated the acid crystallized in a finely divided form. Two 
such recrystallizations gave a fairly pure compound. The yield 
was 80 to 90 per cent of the theoretical amount. In addition a 
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small amount of fatty acid was obtained by decarboxylation of the 
residues. 

2-Carbory-2-Benzyl-5-Phenylvaleric Acid—Dimethylcinnamyii- 
dene malonate was made by the method of Thiele and Meisen- 
heimer (13). 1 mole, dissolved in dry ether, was added slowly to 
2 moles of benzylmagnesium chloride. The reaction mixture was 
stirred and refluxed 30 minutes after the addition was complete, 
and was then poured into iced hydrochloric acid. The ether layer 
was separated, washed with water, and dried. The ether was dis- 
tilled, leaving a brown, viscous residue. It could not be made to 
crystallize, and decomposed on distillation, so all attempts to purify 
the ester were abandoned. It was hydrolyzed by adding 0.5 mole 
to a solution of 2 moles of potassium hydroxide in 1 liter of alcohol. 
The potassium salt crystallized after standing at room tempera- 
ture for 24 hours. It was filtered and washed with absolute alco- 
hol. The washings and filtrate on concentration gave a second 
portion of the salt. The malonic acid was prepared from the salt 
and purified by the general method. It was smoothly and rapidly 
reduced by the method of Adams and Shriner (14). 31 gm., dis- 
solved in 150 cc. of alcohol, were reduced by 0.1 gm. of platinum 
catalyst in 20 minutes. The alcohol was evaporated in a large 
dish and the saturated malonic acid recrystallized by the general 
method. 

The residues from the purification of the malonic acids were 
combined with the crude material and converted into the fatty 
acid by slowly heating to 190° in a Claisen flask and fractionating 
the decarboxylated product under reduced pressure. The results 
of these experiments are recorded in Tables IV and V. 

Bromomalonic Acids—The malonic acids were dissoived in 10 
times their weight of dry ether and 1 mole of bromine was added 
slowly. The flask was warmed with a powerful light bulb to start 
the reaction, which, once it began, proceeded spontaneously, evolv- 
ing sufficient heat to reflux the ether. After all the bromine was 
added the mixture was refluxed gently for 30 minutes. The flask 
was cooled in an ice bath and sodium bisulfite solution was added 
until the color of bromine disappeared. The ether layer was 
separated, washed several times with water, and dried. The 
bromomalonic acids were crystallized and purified in the same 
way as the malonic acids. Several recrystallizations were neces- 


Analyses and Constants of Malonic Acids 
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sary to obtain an analytically pure compound. Since for the 
next step such purity is unessential, the bromomalonic acids 
were used after one recrystallization. The yield was 80 to 90 per 
cent of the theoretical amount. No neutral equivalent could be 
obtained since the bromine hydrolyzed rapidly in the presence of 
dilute alkali. 

The analyses and constants of these acids are reported in 
Table VI. 

Aminomalonic Acids—As was expected, the bromomalonic acids 
were unstable toward heat. However, it was rather surprising to 
find that, not only was carbon dioxide evolved, but also hydrogen 
bromide. This difficulty was avoided by converting the bromoma- 
lonic acids into aminomalonic acids and decarboxylating the latter, 


Taste VI 
Analyses and Constants of Bromomalonic Acids 





Br analyses 
R in R—C(Br) (CO:H): M.p. Formula 


ioe Found 


"Sc. per cent | per cent 


C,H,CH,CH(C,H;). -rerrTyT TTT 152-153 C,3H,,0,Br 25.40 25.23 
C.H;(CH,).CH (CH,C,H;) 150-152 C,.H,,0.Br 20.46 | 20.20 




















The bromomalonic acids were dissolved in 10 times their weight 
of cold concentrated ammonium hydroxide and allowed to stand 
in a warm place for 6 to 8 days. The excess ammonia was re- 
moved, the residue was dissolved in hot water, and concentrated 
hydrochloric acid was added very slowly until the mixture was 
neutral to litmus. (If the solution was cold or the acid was added 
too rapidly the aminomalonic acid precipitated in a finely divided 
form which was difficult to filter.) The precipitate was filtered, 
washed with a small amount of water, then twice with alcohol, 
and once with ether. This product was almost pure, and was 
used in the next step. It could be further purified by dissolving 
it in sodium hydroxide and reprecipitating with acid. 

The aminomalonic acids were only slightly soluble in water or 
dilute hydrochloric acid. 
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These experiments are summarized in Table VII. 

Amino Acids—Carbon dioxide was eliminated from the amino- 
malonic acids by refluxing them vigorously for 6 to 8 hours with 
2 times their weight of constant boiling hydrochloric acid. 
Evaporation yielded the hydrochloride of the amino acid. This 
was dissolved in dilute hydrochloric acid and any insoluble ma- 


Tasie VII 
Analyses and Constants of Aminomalonic Acids 





R in R—C(NHz2) (CO:H): M. p. Formula 





CuO . 
CisHi170.N 
C,H ! 70,.N 
(C.H,CH;),CH CisHiyO.N 
CsHs(CH:),CH (CH:C.Hs) CisH210.N 

















Tasie VIII 
Analyses and Constants of Amino Acids 





N analyses 





R in R-CH(NH,)COsH M. p. Formula = | 
lated | Found 





°C. percent | per cent 


C,H,CH,CH(CH;) 250-260 | CuHwO:N | 7.25 | 7.19 
C,.H,sCH,CH (C,H) 235-245 | CiHivO,N | 6.76 | 6.77 
CsHs(CH2)sCH(CH;) 220-230 | Ci2sHivO.N | 6.76 | 6.74 
(CsHsCH:)2:CH 260-270 | CirHivO.N | 5.20 | 5.18 
C.H,(CH:)2CH(CH;C,Hs) 240-250 | CisHnO.N | 4.94 | 4.90 

















terial filtered. The amino acid was precipitated and redissolved 
by sodium hydroxide, and the solution filtered. Dilute hydro- 
chloric acid was added slowly to the hot solution until it was neu- 
tral to phenolphthalein. Then acetic acid was added until the 
solution was acid to Congo red. The amino acid was filtered and 
washed with water, alcohol, and ether. 

The amino acids are only slightly soluble in water or dilute 
acetic acid. They are readily soluble in dilute hydrochloric acid. 
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The analyses and constants of the amino acids are reported in 
Table VIII. 


The author wishes to express his thanks for the interest. and sug. 
gestions of Dr. C. 8. Marvel. 
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A CHEMICAL METHOD FOR ESTIMATING EPI- 
NEPHRINE IN BLOOD 


Br JOHN C. WHITEHORN 


(From the Biochemical Laboratory of McLean Hospital, Waverley, 
Massachusetts) 


(Received for publication, May 18, 1934) 


The chemical method for the estimation of epinephrine, here 
to be described, has been developed from the observation published 
in 1923 (1) that epinephrine is one of the amines separable by 
permutit from less basic substances. It may perhaps occasion 
surprise that one should attempt a chemical method when there 
are a number of physiological tests which have been used for the 
demonstration and assay of epinephrine, some of them of a re- 
markable sensitivity, such as the rabbit ear perfusion method of 
Krawkow (2). By the latter it seems possible to detect the addition 
of 1 part of epinephrine to a million million parts of perfusion fluid. 
But there is an inherent difficulty in physiological methods; the 
tissues used as test objects for epinephrine are also extremely 
sensitive to the physiological antagonists of epinephrime, such as 
acetylcholine, so that the net effect measures not the epinephrine 
present but the excess of epinephrine effect over the effect of what- 
ever antagonist may be present. That this may be an actual 
difficulty, rather than a hypercritical comment, is made plain 
again by the recent studies of Chang and Gaddum (3) who re- . 
port acetylcholine effects from extracts of a considerable variety 
of tissues, including blood. Recent reports from Kibjakow (4) 
suggest the frequent and wide-spread liberation of a substance like 
acetylcholine in the operations of the autonomic nervous system, 
even in the sympathetic division. In such circumstances the phys- 
iological assay of epinephrine (t.e. the excess of its effect over that 
of its physiological antagonists) may give misleading notions as to 
the quantity truly present. 

The method here presented depends upon a combination of two 
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chemical principles: (1) the colorimetric use of a sensitive arseno- 
molybdic acid reagent, reduced and thereby turned blue by epi- 
nephrine, and (2) the use of silicic acid for the separation of epi- 
nephrine from other reducing substances before the colorimetric 
determination. 

The arsenomolybdie acid reagent is not entirely specific for 
epinephrine. The trioses, glyceraldehyde and dihydroxyacetone, 
and the diose, glycolaldehyde, give strong reduction under the acid 
conditions here specified and even under still more acid con- 
ditions (50 per cent sulfuric acid) where epinephrine reduces the 
reagent relatively little. Hexoses and pentoses give no reduction, 
Reduced glutathione, in the concentrations found in blood filtrates, 
gives a marked blue color and this is the reason why silicic acid 
must be used to separate the epinephrine. The same maneuver 
also separates it from non-basic reducing substances and even from 
so distinctively basic a compound as ergothioneine. Monophe- 
nols, uric acid, and even m-diphenol (resorcinol) do not reduce 
the arsenomolybdic acid reagent. Aside from the thiols, the or- 
ganic substances which reduce the reagent can be comprehended 
under the general formula of 1,2-enediols. 

The blue color produced by epinephrine and catechol is con- 
siderably intensified by the presence of sulfurous acid. This has 
made it possible to increase the sensitivity from the region of 1 
part in ten million to several times that figure, but at the cost of 
considerahle trouble over the blank. Even with the best reagents 
which I have been able to obtain or prepare, the blank determina- 
tions give a definite blue color. This difficulty is not insurmount- 
able, for one can determine the blank and subtract it. Even so, 
duplicate blanks show some variation, the probable error amount- 
ing to about the same color difference as is produced by 0.04 mi- 
crogram (0.00004 mg.) of epinephrine, and it is this degree of am- 
biguity about the blank which sets the practical limit of reliable 
sensitivity. 

For the separation of epinephrine from other reducing substances 
I first used permutit. In the course of attempts to prepare alu- 
minosilicates containing as little iron as possible (because iron ac- 
celerates the destruction of epinephrine) I found silicic acid itself 
a very good adsorbent for epinephrine, and not destructive. In 
neutral aqueous solutions adsorption by silicic acid is somewhat 
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more selective than by permutit, the former separating for ex- 
ample histamine from histidine, whereas permutit adsorbs both. 
Commercial samples of finely granular or powdered silicic acid of 
very moderate water content (up to 10 per cent) have been found 
more efficacious than more highly hydrated silica. The less hy- 
drated particles are also easier to wash free of glutathione and other 
non-adsorbed substances. The most satisfactory samples of silicic 
acid are very finely granular but relatively free of dust. When a 
good grade has been found the material may be used repeatedly. 
Some samples of silicic acid, when treated with 2/3 Nn sulfuric acid, 
as described below for the liberation of adsorbed epinephrine, con- 
tribute a little material, apparently colloidal silicic acid, which 
yields a blue color in the colorimetric procedure, not by reducing 
arsenomolybdie acid but by forming silicomolybdie acid which 
is more readily reduced than arsenomolybdic acid by the sulfur- 
ous acid present. This difficulty can be overcome by the treat- 
ment prescribed under “Special reagents.”’ 

The silicic acid is not only useful for specificity by separating 
the epinephrine from other reducing substances. It has the addi- 
tional advantage of concentrating the epinephrine. By the par- 
ticular technique described herein, 40 per cent (+5) of the epi- 
nephrine present in 50 cc. of blood filtrate is concentrated into the 
5 ec. which are taken for colorimetric determination. 

That the procedure devised to insure specificity for epinephrine 
does accomplish that purpose is perhaps best indicated by my uni- 
form failure to find by this method demonstrable quantities of 
“epinephrine” in human venous blood. In most experiments the 
blue color obtained from a blood extract does exceed, very slightly, 
the color of a simultaneous blank; but the difference is seldom as 
great as, and has never been greater than, that produced by 1 part 
of epinephrine in fifty million; and that much of a difference may 
be found at times between duplicate blanks. It therefore seems 
that none of the substances, known or unknown, in normal venous 
blood produces significant errors in the complete method. This 
holds true, however, only if the blood is treated with trichloro- 
acetic acid when absolutely fresh—within 1 minute of venepunc- 
ture. If the blood stands for 10 or 15 minutes the apparent 
epinephrine content may rise as high as 0.120 mg. per liter. By 
rapid manipulation it is possible to add a premeasured quantity 
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of epinephrine to half a sample and treat both halves with tz. 
chloroacetic acid within a minute. Such experiments, in which 
quantities of added epinephrine varied from 0.031 to 0.432 miero- 
gram per cc. of blood, gave values indicating the determination 
of the added epinephrine with an average accuracy of about 92 
per cent (from 84 to 107 per cent). It is also evident, from what 
has been said in this paragraph, that this method does not provide 
a means of estimating the normal epinephrine content of venous 
blood (if there is any). It is useful only when the concentration 
of epinephrine reaches or exceeds 1:50,000,000. 


Special Reagents 

Arsenomolybdic Acid—Dissolve 60 gm. of crystalline sodium 
molybdate and 10 gm. of crystalline sodium arsenate in about 250 
ec. of distilled water and filter. Wash the filter twice, add to the 
combined filtrate and rinsings about 5 ec. of bromine water, and 
make to a volume of 500 ce. with distilled water. For use, mix 
100 cc. of this arsenomolybdate solution with 8 ce. of concentrated 
sulfuric acid (sp. gr. 1.84) and heat 2 ec. of the mixture in each 
separate test-tube required, as described under ‘‘Procedure.” If, 
for any reason, this reagent is to be used without the addition 
of sulfurous acid (see ‘“Procedure’”’), the excess bromine must be 
removed by aeration after the addition of the sulfuric acid. Other- 
wise it is not necessary to aerate, as the traces of bromine remain- 
ing after the preliminary heating are instantaneously removed 
by the sulfurous acid. 

Silicic Acid—Put 20 gm. of finely granular “‘silicic acid’’ or pre- 
cipitated silica in a 500 cc. Erlenmeyer Pyrex flask, add about 
60 cc. of the half concentrated sulfuric acid described below, and 
heat it to boiling (with care) over a free flame, with constant smooth 
whirling. Boil for about 10 to 15 minutes. Let stand till cool, 
decant the supernatant liquid, and wash the silicic acid ten or twelve 
times by decantation with approximately 100 cc. portions of dis- 
tilled water. At each decantation do not wait for all the suspended 
matter to settle out, for it is advantageous to get rid of the finest 
particles. Transfer the silicic acid to a Buchner filter and dry it 
until it pours freely. 

Half Concentrated Sulfuric Acid—Into a liter Pyrex flask pour 
300 ce. of distilled water measured with a graduated cylinder and 
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add, with cautious mixing, 300 cc. of concentrated sulfuric acid 
(sp. gr. 1.84). Cool the mixture before using. 

Sulfite and Sulfurous Acid—Dissolve 5 gm. of anhydrous sodium 
sulfite in 50 cc. of distilled water and centrifuge to remove the 
turbidity. Just before a determination pipette 5 cc. of this solu- 
tion into a small flask and add, with a graduated cylinder, 35 cc. 
of the half concentrated sulfuric acid. This mixture should be 
used up promptly or set in a draught cupboard or washed down 
the sink, for the foul smelling fumes are not healthful. Much 
depends upon the quality of the sulfite, for a poor grade of sulfite 
yields too much color in a blank determination, by reduction of 
arsenomolybdic acid. All the samples of crystalline sodium sul- 
fite which I have tested have been unsatisfactory because of their 
content of thiosulfate. A sample of sodium metabisulfite gave a 
low blank but is not recommended because, like other acid sulfite 
solutions, it develops on standing in the light some substance 
which increases the color of the blank. 

Phosphate Buffer—Dissolve 17.4 gm. of dipotassium phosphate 
and 6.8 gm. of monopotassium phosphate in distilled water and 
make to 100 cc. Filter. 

Standard—The ultimate standard is epinephrine, which is ob- 
tainable commercially in the crystalline state; but its solutions, 
especially when very dilute, are unstable. Their preservation 
even for minutes requires special care (acidity, cold, and the pres- 
ence of some amino acid). It is feasible, however, to use as an 
empirical standard a more stable o-diphenol, namely catechol. 
For the conditions of the colorimetric determination herein de- 
scribed it requires just 10 micrograms of catechol to give a color 
equal to that given by 5 micrograms of epinephrine. Since the 
course of the reaction between arsenomolybdic acid and these two 
reducing substances is not strictly parallel, it is especially necessary, 
when this empirical standard is used, to adhere strictly to the 3 
minute heating period specified under “Procedure.’’ The stock 
solution of catechol is prepared by dissolving exactly 1 gm. of 
crystalline catechol in distilled water, adding 20 ce. of 10 per cent 
sodium sulfite (anhydrous) and 100 cc. of 1 N hydrochloric acid 
and more distilled water to 1 liter. (One such solution has kept 
unchanged in a brown bottle for 6 years, at the end of which time 
it exactly matched a fresh one, both appropriately diluted, in the 
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colorimetric determination.) Just before use dilute some stoc 
solution 1:500 with 0.4 Nn sulfurie acid solution. (This is mog 
economically done in two stages, diluting first 1:10 then 1:50, 
The intermediate dilution may keep for several weeks.) 5 ce. of 
the 1:500,000 solution so obtained, containing 10 micrograms of 
catechol, are taken for a standard in the colorimetric determina. 
tion, as described below. 


Procedure 


A volume of blood, measuring between 7 and 10 cc., is drawn 
directly from the animal into a blood pipette or a 10 cc. Lue 
syringe, measured, and transferred at once to a flask containing 5) 
ec. of 3 per cent trichloroacetic acid solution. Add enough mor 
trichloroacetic acid solution with a graduate to make the blood 
dilution 1:10, shake the mixture vigorously, and let it stand fora 
period of from 15 minutes to several hours, and filter. (A greater 
volume of filtrate is obtainable by centrifuging before filtering.) 
It is permissible, though not necessary, to have 2 drops of 30 per 
cent potassium oxalate in the syringe or pipette, but it is not per- 
missible to allow any delay between withdrawal of the blood and 
its mixing with the deproteinizing solution, for shed blood develops 
in a few minutes some substance or substances which closely simu- 
late epinephrine, both in reducing power and in adsorption on 
silicic acid. 

While the mixture of blood and trichloroacetic acid is standing 
or filtering, check up the condition of an adsorption apparatus pre- 
viously prepared thus: Take a calcium chloride tube’ approxi- 
mately 20 mm. X 200 mm. (the exact size is not important) and 
make in its stem three small indentations about 7 mm. below the 
bulb. Into the space between bulb and indentations push witha 

_glass rod a small plug of clean cotton or preferably of glass wool, 
Fit the tube so prepared upright in a suction flask by means of a 
1-hole rubber stopper and pour into the bulb 5 ce. of silicic acid 
(measured approximately in a graduated cylinder or in a test-tube 
marked at 5cc.). Connect the suction flask to a filter pump with 
rubber tubing, using a T-connection to a rubber tube carrying 4 
Hoffman clamp for regulating suction so that fluid is drawn through 


1 Attempts to use tubes of smaller diameter, with less silicic acid, have 
not been successful. _ 
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the adsorption tube at the rate of about 3 drops per second. Wash 
the silicic acid with water and small portions (1 to 3 cc.) of sodium 
sulfite solution until the rinsings are alkaline or neutral to brom- 
thymol blue.* The apparatus is now ready for use. 

Into a small flask measure with pipette or graduated cylinder 
50 cc. of the trichloroacetic acid filtrate, representing 5 cc. of blood, 
add 3 drops of brom-thymol blue indicator solution,’ and neutral- 
ize with sodium hydroxide, approximately 1 n. Do not lose 
time at this point attempting a precise neutralization, but as soon 
as the solution reaches the neighborhood of pH 7 or more (green 
or blue color) add immediately 1 cc. of the phosphate buffer solu- 
tion. (If one deals with solutions which do not contain amino 
acids much epinephrine may be lost by oxidation at this point.) 

Pour the neutralized blood filtrate into the adsorption tube and 
suck it through the silicic acid at the rate of about 3 drops per 
second. Rinse the tube and silicic acid with three successive 8 cc. 
portions of distilled water recently boiled and cooled. The epi- 
nephrine is adsorbed by the silicic acid; the glutathione and other 
non-basic or relatively feebly basic substances pass through. By 
appropriate manipulation of the rubber connections avoid suck- 
ing air through the silicic acid. Remove the adsorption tube and 
put into the suction flask a clean, dry 15 cc. centrifuge tube fitted 
at the bottom with a piece of rubber tubing long enough to hold 
the centrifuge tube up in the neck of the flask. Replace the ad- 
sorption tube, pipette into it 5 cc. of 2/3 N sulfuric acid, twirl it 
once gently to suspend the silicic acid, and suck the solution into 
the centrifuge tube. There should be a few drops more than 5 ce. 
This maneuver removes the epinephrine from the silicic acid and 
transfers it to the centrifuge tube. 

Pipette 5 cc. of the solution from the centrifuge tube into a clean 
dry test-tube, Tube A. Put 5 cc. of the 1:500,000 catechol stand- 
ard into a similar test-tube, Tube B, and into a third test-tube, 
Tube C, (the blank) put 5 ce. of a solution containing no epi- 
nephrine but approximately matching in acidity the solution to be 
tested, regularly 0.4 nN. Into each of three tall test-tubes labeled 
Tubes 1, 2, and 3 (of like diameter and marked at 25 cc., such as the 
sugar tubes for Folin’s micromethod) pipette 2 cc. of the arseno- 


? The indicator solution used was that described by Clark (5). 
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molybdie acid reagent and set them in a boiling water bath for 5 to 
10 minutes. While these portions of reagent are heating prepare a 
fresh mixture of sulfite and sulfuric acid as directed under “Special 
reagents” and when ready rapidly pipette 5 cc. of the mixture, with 
use of a safety pipette, into Tube A, mix quickly by a whirling 
motion, and pour the contents quickly into Tube 1, containing the 
hot reagent. Rinse Tube A once with the resulting mixture, pour 
it back into Tube 1, and set Tube 1 again into the boiling water, 
noting the time so that it may cook thereafter exactly 3 minutes. 
Uniformly rapid manipulation is relatively more important here 
than volumetric precision. Proceed thus with each of the other 
tubes, Tube B into Tube 2, and Tube C into Tube 3. If there are 
several unknowns, five or six tubes may be run in one series, 
Transfer the tubes one at a time at the end of 3 minutes each, toa 
beaker of cold water and let them stand 15 minutes or longer. 
Dilute the standard, only, to 25 ec. with distilled water, mix, and 
compare in a Duboseq type colorimeter with the undiluted un- 
knowns and blank. Check the colorimeter and eye by comparing 
the standard with itself, both at 20 mm. and at3 mm. Set the 
other solutions at a depth of 20 mm. and adjust the standard to 
match. Subtract the reading of the blank from that of each un- 
known and find from Table I the concentration of epinephrine in 
the blood’ taken. 

If the material to be tested differs from the blank by less than 
0.6 mm. (equivalent to 0.02 mg. per liter), it should be counted 
negative, for this much difference can be attributed to variability 
in the blank, when the same reagents are used. Similar caution 
must be used in interpreting the difference between specimens. 


Concerning Calculations and Table I 


The data for constructing Table I have been determined em- 
pirically with use, in place of blood, of epinephrine solutions of 


* To minimize evaporation it is well to stopper the tubes loosely with 
water-containing glass condensers, which can be easily made by blowing 
a bulb, with a hole in it, on the end of a smaller test-tube and then drawing 
out the tube at a place about 4 cm. from the bulb, breaking it at this con- 
striction, and sealing it. 
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known strength to which alanine was added as a preservative.‘ 
Table I does not give.the raw experimental data but points on a 
smooth curve constructed from the data. The mathematical rela- 
tionship between epinephrine present and epinephrine in blood 
involves two factors which need comment. First, the conditions 
of extraction of epinephrine from silicic acid by 2/3 n sulfuric acid 
yield, in the 5 cc. taken for colorimetry, not the whole quantity of 
epinephrine which had been adsorbed but rather a certain fraction 
of it, namely that fraction represented by the ratio of 5 to 8.6 cc., 
because the wet silicic acid retains mechanically about 3.6 cc. of 
liquid. Second, the adsorption of epinephrine by silicic acid from 


TaBe I 
For Conversion of Colorimetric Readings into Concentration of Epinephrine 


Colori- 
Epinephrine Epi i metric Epinephrine Epi 
fn blood (tiknows present in bi 








mg. per l. mm. 


0.02 + 0.02 8 
0.05 + 0.02 9 
0.09 + 0.02) 10 
0.13 + 0.02) ll 
0.18 + 0.02) 12 
0.242 0.02) 13 
0.29 + 0.02) 14 
0.35 + 0.03) 15 
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blood filtrates or from solutions made up to resemble blood fil- 
trates is not 100 per cent complete, but is in the neighborhood of 
70 per cent, under the conditions specified. There is a tendency 
toward less adsorption in the presence of larger quantities of sodium 
trichloroacetate, but the variations have all fallen within the range 
from 64 to 80 per cent. These two factors may be combined in 
the statement that the epinephrine present in the test-tube wherein 
the colorimetric reaction occurs constitutes on the average 40 per 


‘ Before learning of the preservative influence of amino acids (6), I was 
long puzzled by the fact that small quantities of epinephrine added to blood 
could be determined with less loss than when simply diluted with distilled 
water. 
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cent of the epinephrine in the 50 ee. of blood filtrate taken. Table 
I includes this combination of factors as well as the deviation from 
Beer’s law, and gives therefore, directly, the relation between 
colorimetric reading (unknown minus blank) and the concentra- 
tion of epinephrine in the blood. 


Illustrative Results 


In Table II are given the figures obtained by this method in some 
experiments on cats, carried out in cooperation with Mr. Harry 
Kozol. These results are given here simply to illustrate the appli- 
cability of the method to physiological experiments. 


Taste II 
Epinephrine in Cat Blood 





Source of blood and circumstances 





Cat 2. Ether-nembutal anesthesia, artificial respiration, 
blood from left femoral artery 

Same, during faradic stimulation of sciatic nerve 

Same, after opening chest and applying electrodes to splanch- 
nic nerve, without electrical stimulation 

Same, during faradic stimulation of splanchnic nerve 

C&t 1. Ether-nembutal anesthesia, artificial respiration, 
chest open, blood from inferior vena cava 

Same, during faradic stimulation of right splanchnic nerve.. 








DISCUSSION 


The foregoing description is designed to be self-explanatory, but 
some additional comment seems appropriate in regard to the 
question of specificity. There has been a considerable interest in 
recent years in reducing substances which interfere in the determi- 
nation of dextrose and uric acid. Some have been isolated and iden- 
tified; e.g., glutathione and ergothioneine. The procedure here 
described is designed to avoid interference from such substances. 
The facts that values for epinephrine obtained by this method on 
human venous blood do not exceed the chance variation between 
blanks, while the recovery of added epinephrine is approximately 
correct (84 to 107 per cent), indicate that the method is not sub- 
ject to serious error from substances normally present there. One 
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cannot speak with complete assurance, however, regarding the 
possibility that substances may at times be present in blood which 
resemble epinephrine in the characteristics relied upon in this 
method. The procedure is designed, however, for substances 
which are moderately strong bases and which have also the reduc- 
ing power of o-diphenols, and the only known substance of this 
type in animal tissues is epinephrine. The hypothetical substances 
E-sympathin and I-sympathin (7) may perhaps be included by 
this method, since their physiological similarity to epinephrine 
suggests a chemical similarity. 


SUMMARY 


Epinephrine can be estimated chemically in blood, when its 
concentration exceeds 1 part in fifty million, by the colorimetric 
determination of its reducing action on an arsenomolybdic acid 
reagent, after selective adsorption by silicic acid. 

The reagents and a procedure are described. 
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STOOL VOLATILE FATTY ACIDS 


IV. THE INFLUENCE OF FEEDING BRAN PENTOSAN AND FIBER 
TO MAN 


By W. H. OLMSTED, GEORGE CURTIS, anv O. K. TIMM 


(From the Department of Internal Medicine, Washington University 
School of Medicine, St. Louis) 


(Received for publication, November 19, 1934) 


In previous experiments with high carbohydrate diets (1) it 
was found, first, that the volumes of the stools of human subjects 
were greater than with high protein or fat diets; and second, 
there was a great increase in the output of volatile fatty acids. 
Since Bahrdt et al. (2) have shown experimentally that acetic and 
butyric acids, when fed to dogs, have a definitely laxative action, 
one justifiably concludes that the large amounts of volatile fatty 
acids produced by the intestinal bacterial flora acting on residue 
of digestible carbohydrates are stimulating to the activity of the 
colon. Sugar in infant feeding is recognized for its laxative 
quality. 

However, the indigestible carbohydrates, cellulose and pento- 
san, occurring in vegetable foods, have been considered the factor 
of most importance in producing regular bowel action. It is fur- 
thermore assumed that the effect of the indigestible carbohydrates 
in human diet is due to the increased size of the contents of the 
descending colon which in turn causes increased stimulation of the 
gut and, because of the more rapid elimination, an increased size of 
stool. 

The action of cellulose and pentosan as laxative elements in the 
diet could be due to either, first, a physical property of increasing 
the bulk of the colonic contents, or, second, a chemical property, by 
being the substrate from which, through bacterial action, acetic 
and butyric acids are produced in a quantity sufficient to be stimu- 
lating to the gut. There are hundreds of papers in the literature 
showing that cellulose and pentosan, although resistant to de- 
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struction by intestinal bacteria, are broken down in the neighbor- 
hood of 25 to 50 per cent. The literature has been reviewed by 
McCance and Lawrence (3). That volatile fatty acids are pro- 
duced when cellulose is broken down by bacterial cultures from 
the human gut has been proved by the work of Khouvine (4), 
Fred, Peterson, and Davenport (5) have studied the metabolic 
products of pentosan destruction by certain bacteria. Although 
these organisms have been found in manure, they have not been 
isolated, to our knowledge, from human stools. 


Plan of Experiment 


Our plan was to feed cellulose and pentosan to human subjects 
in separate periods and to determine in the stools the volatile 
fatty acids and the residue of the fed materials which passed 
through the human intestinal tracts. 

Selection of Subjects—Two medical students were selected whose 
colons by x-ray studies appeared to be normal. One student, 
subject J, was of hypersthenic habitus; the other, subject M, was 
classified as the hyposthenic type. It is well recognized by clini- 
cians that bodily habitus influences the normal motility of the 
colon, the hypersthenic type being more rapid than the hypo- 
sthenic. The more sluggish type of colonic activity would give a 
longer time for bacterial disintegration of indigestible residues. 
It seemed advisable, therefore, to obtain as subjects individuals 
with colons differing as widely as possible in type. 

Preparation of Materials—We took bran as a source of the feed- 
ing material, because it contains large amounts of both cellulose 
and pentosan and is used widely as a laxative food. 

Pentosan—Bran was pulverized sufficiently so that 50 per cent 
passed through a 20 mesh sieve. It was washed in a continuous 
stream of hot water (70°) overnight to remove most of the starch. 
100 gm. (dry weight) of water-washed bran were extracted with 3 
liters of 7 per cent sodium hydroxide in boiling water for 1 hour, 
and the thick syrupy mass filtered through Ottawa sand an inch 
deep. The clear syrupy filtrate was then neutralized with com- 
mercial concentrated hydrochloric acid and the pentosans pre- 
cipitated by adding an equal volume of 95 per cent ethyl alcohol. 
The precipitate was filtered through gauze, washed twice with 50 
per cent alcohol, and dried at room temperature. The crude pen- 
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tosan was dark brown, very hard, not unpleasant to taste. It was 
insoluble in water but when added to water, in time would swell 
to a gelatinous mass. It was ground (20 mesh) before feeding. 
By methods described later the pentosan content of this product 
was 41 per cent. 

Product Containing Cellulose—This was prepared from the 
washed bran by boiling 150 gm. in 3 liters of 2.5 per cent hydro- 
ehloric acid for 14 hours. After this hydrolysis the acid was filtered 
off and the residue washed thoroughly with tap water until free 
from acid and then dried at room temperature. This product 
was dark brown and had a consistency of paper. Before feeding, 
it was ground fine enough to pass a 20 mesh sieve. The crude 
fiber content of this prepared bran was 50 per cent. 

Diets and Feeding Periods—Four periods of 7 days each were 
used, the basal diet free as possible of cellulose. It contained no 
vegetables or fruit. We allowed the use of white bread and flour, 
rice, strained orange juice and pineapple juice, spaghetti, white 
potato (125 gm. per day), soda cracker, meats, sugar, eggs, butter, 
gelatin, corn-starch, cheese, corn oil. We found it necessary to 
assist the consumption of crude pentosan and prepared bran by 
giving milk and cream. Seven menus were prepared, one for each 
day of the period, and these menus were repeated during each of 
the four periods. From the lactose of milk some galactose would 
appear as non-fermentable sugar in the feces; but since the intake 
was constant, the amount appearing would presumably be the 
same in all periods. In Period I the basal diet alone was fed; Pe- 
riod II, 35 gm. daily of crude pentosan were added. This was the 
equivalent of 14.3 gm. of pentosan a day or 100 gm. in the whole 
period. In Period III 35 gm. of prepared bran were added; this 
is equal to 17.5 gm. of fiber per day or 122.5 gm. during the period. 
In Period IV 400 gm. of cooked apples were added each day for 2 
days, 400 gm. of pureed prunes each day for 2 days, and finally 400 
gm. of pureed apricots each day for 3 days. It was thought that 
& comparison of the well known laxative nature of these fruits 
with that of the bran products would be interesting. 


Methods of Analysis 


Stools uncontaminated with urine were weighed, usually within 
an hour of passing, and 4 ml. of water added for each gm. of stoo} 
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weight. The stool suspension was mixed with an electric mixer 
and put through an ordinary kitchen sieve (10 to 15 mesh). The 
stool suspension was sterilized (15 pounds steam pressure, 30 
minutes) and stored in air-tight fruit jars until analyzed. Three 
analyses were made in duplicate on the collected stools of each 7 
day period: aliquot portions of lst and 2nd days were combined; 
3rd and 4th days; and 5th, 6th, and 7th. 

Pentosan—The accepted method for determining pentose sugar 
is the distillation of furfural and its determination by precipita- 
tion as phloroglucide. The lower limit of accuracy for this method 
is 30 mg. of sugar. We were dealing with but a few mg. in our 
filtrate. Experimentation with the Youngburg micromethod (6) 
gave satisfactory results with xylose but very inconstant and low 
results with arabinose. Although the non-fermentable sugar 
would include some galactose and perhaps other non-fermentable 
reducing substances, we felt that the plan of our experiment 
would make these errors constant throughout the experiment and 
that the non-fermentable sugar method was more valid. 

4 gm. of the stool were hydrolyzed in 22.0 ml. of 2.5 per cent 
hydrochloric acid for 3 hours. After hydrolysis the stool material 
was precipitated with mercuric sulfate and barium carbonate 
(method of West et al. (7)) and the excess of mercury was removed 
with hydrogen sulfide. The filtrate after removal of the mercury 
was water-clear. It was fermented with Fleischmann’s washed 
yeast as suggested by Somogyi (8), and the non-fermentable sugar 
determined by the Shaffer-Somogyi Reagent 50 (9) (with 5 gm. 
of potassium iodide). The sugar tubes were kept in the boiling 
water bath 40 minutes. The amounts of sugar determined ranged 
from 0.1 to 1.0 mg. Thiosulfate values were interpreted from a 
chart made with our reagent and a solution of arabinose and xy- 
lose (1:1). Between 95 and 100 per cent of pentosan added to 
stools was recovered. 

Crude Fiber—The official method of the Association of Agricul- 
tural Chemists was adhered to except that the order of acid and 
alkali digestions was reversed, digestion with alkali being first; 
and after the alkali digestion the fiber was centrifuged instead of 
filtered. After the acid digestion it was difficult to get the wash- 
ings free of acid, therefore the crucible was filled with 0.1 per cent 
ammonium hydroxide solution and washed with 300 ml. of water. 
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Finally, in dealing with fatty stools we found it necessary to wash 
with 50 ml. of hot alcohol immediately following the ammonia 
treatment in order to facilitate the washing with water. Duplicate 
determinations checked very satisfactorily and fiber added to 
stools could be recovered 100 per cent. We will show in another 
paper that the crude fiber isolated from stools of different indi- 
viduals, or the same individual, on an uncontrolled diet varies 
widely in its actual chemical composition. Under the controlled 
conditions of this experiment the fiber represents a falelyt constant 
part of the cellulose, lignin, and hemicelluloses. 


Tasie I 
Average Daily Elimination of Pentosan, Fiber, and Volatile Fatty Acid 
in Feces 





Sct wiht ee | ee 
ac N 
solution) 





Sub- | Sub- Sub- | Sub- 
ject J |ject M) j j ) ject J |ject M 
I. Basal non-residue diet 101 | 78 ’ 62) 172 | 135 
II. Basal diet + 14.36 gm. | 131 81 . ; 144 | 139 
pentosan per day 
III. Basal diet + 17.35 gm. | 212 | 177 . .8 | 298 | 235 
fiber per day 
IV. Basal diet + 400 gm. | 157 | 136 . .0*| 282 | 183 
fruit per day 


* First 2 days. 
t Last 5 days. 



































Volatile Fatty Acids—These were determined by our 
method (10). 


Results 


Table I shows that when prepared bran fiber was fed (Period 
IIT), the stool weight doubled and that feeding crude pentosan 
(Period IT) had little if any cathartic action. The pentosan was 
apparently split into pentose and absorbed, for only 3 gm. of the 
14 daily fed were eliminated in the feces (subject J). Since the 
volatile fatty acids were not increased during the ingestion of 
pentosan, we feel that the pentose was not destroyed by bacteria 
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but that rather it was absorbed. Fred and Peterson found that 
cultures of the pentose-splitting bacteria which they examined 
produced large amounts of acetic acid. Cori (11) has shown that 
the absorption rate of pentose sugars is slower than glucose. 
This would mean an increased opportunity for the action of bac- 
teria. We believe that if the pentose were split, increased 
amounts of volatile fatty acids would have appeared in the stools. 
The inference drawn is that in these subjects bacteria were present 
which split pentosan into pentose but were not able to metabolize 
5-carbon sugars. Table II shows that the total recovery of pen- 


TaBie II 


Recovery of Pentozan Fed to Human Subjects (Determined As 
Non-Fermentable Sugar) 





Period No. Subject 





I. Basal non-residue diet 


II. Basal diet + 14.36 gm. pentosan per 
day, 100.52 gm. per 7 days 

III. First 2 days representing lag in ex- 
cretion 

II + Ill 16.27 


5.68 


a"-a°e“n* 

















tosan amounted in subject J to 16 per cent and in subject M to 5.6 
per cent. This high percentage breakdown of pentosan may be 
explained by the fact that it had been acted upon by the strong 
alkali used in extracting it from bran. The manufacture of kraft 
straw in Germany during the war and its digestibility was based 
on the principle that alkali treatment makes straw more digestible 
for farm animals. 

Table III shows that 95 to 100 per cent of bran fiber was elimi- 
nated in the stools. Cowgill and Anderson (12) found 30 to 40 
per cent of the fiber disappeared during the passage through the 
intestine. However, they did not give the method of preparation 
of the bran fiber used. 

We believe that the increase of volatile fatty acids (Table I) 
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during the fiber feeding (Period III) was the result of the cathartic 
action of the bran, for our previous experiments (1) gave evidence 
of two factors influencing the output of volatile fatty acids: first, 
the predominance of sugars in the diet, and second, the rapid 
washing out (mineral catharsis) of fatty acids before they could be 
absorbed. Since the intake of digestible carbohydrate was not 
increased, the increase of volatile fatty acids was coincidental with 
the laxative action of bran. 

Since the fruits used in Period IV were not analyzed, the only 
observation which can be made is that 400 gm. (cooked weight) 
of such laxative fruits as apple, prune, and apricot were not as 


Tasie III 
Recovery from Stools of Bran Fiber Fed to Human Subjects 


Period No. Subject yy 








gm. 
I. Basal non-residue diet 


III. Basal diet + 17.35 gm. bran fiber 
per day, 121.45 gm. per 7 days 

IV. First 2 days representing lag in 
excretion 

Ill + IV 











tet red od te 


115.8 








laxative as 35 gm. of acid-treated bran. The increased volatile 
fatty acid output was probably due to the sugar content of the 
fruits. : 


SUMMARY 


1. Crude pentosan prepared from wheat bran and fed to human 
subjects disappeared to the extent of more than 80 per cent and 
was not laxative. 

2. The volatile fatty acids were not increased by pentosan 
feeding. 

3. Acid-extracted bran was not broken down by passage through 
the human intestinal tract and proved to be markedly laxative. 

4. The volatile fatty acids, increased by feeding bran fiber, 
were probably the result of a simple washing out process. 
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A BIOCHEMICAL METHOD FOR DETERMINING IN- 
DIGESTIBLE RESIDUE (CRUDE FIBER) IN FECES: 
LIGNIN, CELLULOSE, AND NON-WATER- 
SOLUBLE HEMICELLULOSES 


By RAY D. WILLIAMS anp W. H. OLMSTED 


(From the Department of Internal Medicine, Washington University 
School of Medicine, St. Louis) 


(Received for publication, November 19, 1934) 


In a preceding paper one of us (O.) found a 50 per cent crude 
fiber content in wheat bran free from starch and essentially freed 
from pentosans by weak acid hydrolysis. This seemed much too 
low and led us to examine critically the long accepted term “crude 
fiber.” 

For 70 years the method for determining crude fiber has re- 
mained essentially the same. In 1864 Hennenburg and Stohmann 
proposed a method with weak acid and alkali digestions, now 
commonly called the Weende method. A modification of the 
original method has been adopted by the Association of Official 
Agricultural Chemists. The original investigators knew that their 
product did not have a constant chemical composition since it 
showed varying percentages of C, H, and O. Many investigators 
since then have shown the compositional variability of the Weende 
product (1). Table V indicates that we have confirmed these 
observations. Many variations of the original procedure have 
been made and used advantageously (2). Other methods (3) 
have been described such as: Fellenberg, nitric and acetic acids; 
Simon and Lohrisch, strong potassium hydroxide and hydrogen 
peroxide; Konig, glycerol sulfuric acid; Steigler, 10 per cent hy- 
drochloric acid at 100° and a stream of air; Scharrer and Kursch- 
ner, acetic acid, nitric acid, and trichloroacetic acid. More re- 
cently Remy (4) described a biological method with enzymes to 
isolate cellulose, lignin, and hemicellulose from the starch, protein, 
and fat; and, after comparing the crude fiber values of certain ma- 
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terials with the values obtained by the Weende method, concluded 
that the Weende digestions caused a great loss (his data indicate 
about 50 per cent) of indigestible residue. His method has dis- 
tinct advantages over the more drastic treatment by acid and 
alkali or other chemicals. 

It can be said that all methods (except Remy’s) depend upon 
the incomplete solubility in certain reagents of one or more con- 
stituents of indigestible residue. That is, the product is defined 


Taste I 
Comparison of Fiber (Weende Method) of Stools with Indigestible Residue 
Isolated by Enzyme Method 





Weende 
Enzyme 
> method : 
Material analyzed method (fiber) Ss 
(1) (2) 





mg. mg. Per cent 
212.5 118.0 
249.0 121.0 
178.7 88.7 
137 4 78.0 
167.0 87.0 


25 ml. stool Suspension 
25 “ “ “ 

25 “ “ 

25 “ “ 

25 “ 


25 “ 
25 ““ 


218.0 87.1 
308.0 166.6 
25 ’ 112.6 43.5 
25 a 1 226.3 88.0 
0.5 gm. (80 mesh) wheat bran 273.7 94.6 
0.5 “ Cellu Flour* (80 mesh) 490.0 276.2 
0.5 “ filter papert (80 “ ) 490.0 499.5 


1 
2 
3 
4 
5 
25 % 6 181.0 117 7 
7 
8 
9 
0 














* A commercial product sold by the Chicago Dietetic Supply House, Inc. 
t Whatman No. 1. 


by the process itself. This fact explains why Coleman et al. (5) 
report that nine collaborators analyzing bran found the results 
on crude fiber unsatisfactory. Investigators (ourselves and 
others) of fiber non-digestibility and concomitant laxation have 
found their work complicated by questionable methods of analysis. 
For the most part they have realized the shortcomings of the pre- 
vailing methods but have used time-worn techniques, because most 
of the digestibility data had been compiled with them. Table I 
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shows that by the Weende method, the most universally accepted 
one, but 50 per cent of the indigestible residue of feces and but 34 
per cent of that in bran are determined. 

Obviously then indigestible residue must be determined by 
methods other than physical; and, once defined, by these methods 
of determination all of it must be estimated. No one has 
conclusively demonstrated that the mammalian digestive tract se- 
cretes enzymes which digest cellulose, lignin, and hemicellulose. 
There is evidence that one or all three of these may disappear from 
the mammalian gut as a result of bacterial action. Thus we de- 
fine non-digestible residue as those vegetable materials not at- 
tacked by digestive enzymes in the mammalian gut and consist- 
ing of lignin, cellulose, and non-water-soluble hemicelluloses. 

Hemicelluloses have been defined by Schorger ((6) p. 141) as 
“ . . a polysaccharide soluble in dilute alkalis and convertible 
into simple sugars by heating with dilute acids at atmospheric 
pressure . . . in the natural state should be insoluble in boil- 
ing water.” This group includes everything of a carbohy- 
drate nature except cellulose, starch, lignin, and soluble sugars. 
Some are true carbohydrates such as pentosans, hexosans, galac- 
toarabans and some are not true carbohydrates, such as uronic 
6-carbon sugar acids (galacturonic and glucuronic acids, the latter 
of which occurs as an anhydrous form in straw and wood (7)). 
Galacturonic acid is found in pectins (7). _McCance has classified 
this group as (1) pentosans and other furfural precursors, (2) in- 
ulin and fructosans (levulosans), (3) other hexosans such as man- 
nans and galactans. Group 1, according to McCance, has a more 
or less universal distribution in the plant kingdom and is com- 
posed chiefly of (a) pentosans, (b) true hemicelluloses and pectins, 
which contain some xylose and arabinose but are mostly composed 
of galacturonic and glucuronic acids, (c) nucleic acids from animal 
tissues, and (d) precursors of methyl furfural such as methyl pen- 
toses and hexoses. Group 2 is an unimportant human dietary 
constituent in this country. Group 3 is more cxtensive. Man- 
hans occur in yeast, woods, and common seeds such as beans and 
peas. Galactans occur in gums, leguminous seeds, and in higher 
plants (7). This group represents a variable and considerable 
part of the human dietary. 

It will be evident that estimation of the hemicellulose group by 
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the furfural method may lead to very erroneous results. Groups 
1 and 3 (except mannan), however, possess two properties in com- 
mon. When hydrolyzed to their constituents, they reduce 
alkaline copper reagents and are essentially non-fermentable by 
Fleischmann’s yeast. Mannose, a reducing sugar, appears with 
the fermentable fraction (glucose from cellulose). This method 
of determining the hemicellulose group as a whole is an admit- 
ted approximation but a very close one; and, until the relative 
amounts of these constituents in foods are known, a closer ap- 
proximation is not practical. The relative reduction values of the 
principal non-fermentable sugars involved in our work with the re- 
agent as used are arabinose as 100, xylose 109, galactose 92. 
Uronic acid reductions are not given, for under the conditions of 
our method they would be converted into pentoses (8). The rela- 
tive reduction values of the principal fermentable sugars involved 
are glucose as 100, mannose 96. The furfural precursors (xylose, 
arabinose, and uronic acids) constitute more than 70 per cent of 
the non-fermentable fraction in the materials which we analyzed. 
McCance’s data (7) indicate a percentage of the same order. In 
this paper we assume that xylose and arabinose are present in 
equal amounts; and the non-fermentable fraction is estimated as 
such a mixture. Such a mixture is improbable but the results 
would be substantially the same with one or the other predominat- 
ing. The furfural method for pentosans coupled with Link’s 
method for uronic acid determination (9) would further differen- 
tiate the constituents of the hemicellulose group. 

The second portion of indigestible residue is lignin. Schorger 
((6) p. 70) has defined it as “. . . the non-carbohydrate por- 
tion of lignified tissue after it has been freed from tannins, resins, 
fats, and similar secondary constituents. . . It is easily oxi- 
dized by nitric acid. Halogens produce oxidation and substitution, 
the halogenated product being readily soluble in alkalis. It is 
soluble in acetyl bromide in the cold and in alkalis, sulphurous 
acid, and sulphite solutions at high temperatures.” One reliable 
and accepted method for the actual separation and estimation of 
lignin is that of Ost and Wilkening (10). This method was re- 
cently investigated and improved by Sherrard and his coworkers 
(11). It is based on the principle that 72 per cent sulfuric acid 
under controlled conditions dissolves the carbohydrate fraction 
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and retains it in solution when diluted but the lignin is precipi- 
tated quantitatively. We have used the principle of their method 
with modifications necessitated by our determination of cellulose 
and hemicellulose. 

The third constituent of indigestible residue is cellulose. Since 
the work of Irvine and his coworker (12) on cellulose chemistry, 
there has been little doubt that cellulose is made up of glucose re- 
mainders and that by suitable methods cellulose could be quanti- 
tatively converted into glucose. To make this conversion we 
used a modification of the sulfuric acid method originally pre- 
sented by Ost and recently improved by Ritter, Seborg, and 
Mitchell (13). 

Thus, methods have been presented for determining separately 
hemicelluloses, lignin, and cellulose. But the best application of 
these methods depends upon the preliminary removal of protein, 
fats, resins, gums, and starch. 


EXPERIMENTAL 
Pretreatment of Fecal Material 


We first used Remy’s enzymatic (pepsin-hydrochloric acid, 
neutral malt diastase, pancreatin-sodium carbonate) digestion and 
found the starch completely removed, the proteins, fats, and resins 
adequately removed, but a substantial loss (12 per cent) in the 
hemicellulose fraction. Successive analyses of the steps indicated 
that the loss was essentially in the malt diastase treatment. 
Pringsheim ((14) p. 318) mentions the investigations of Luers on 
the malt enzyme, zytase, which splits hemicellulose. We then 
tried another plant diastase, taka-diastase, but found a much 
greater loss (31 per cent). Finally we found that the animal 
diastase, pancreatin, in neutral solution removed starch without 
the concurrent loss of hemicellulose. The proteolytic enzymes of 
pancreatin are quite efficient and the amylolytic power is not 
greatly reduced at pH 8. To obtain sirhultaneous digestion of 
protein and starch the pH of the digest was adjusted to 8 and the 
hemicellulose recovery determined. None of the hemicellulose 
fraction was lost in feces and wheat bran; but, when the treatment 
was applied to air-dried vegetables, as much as 40 per cent loss 
occurred. Successive analyses of the steps indicated that the loss 
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was due to the alkalinity of the digest and not to the pancreatic 
enzymes. It was concluded that the hemicelluloses which pass 
the digestive tract and those found in wheat bran are sufficiently 
resistant to encounter negligible loss by this pretreatment. How- 
ever, the labile hemicelluloses may suffer so much loss that an 
additional check must be made.'! 

Table II indicates the efficiency of our final method of pretreat- 
ment for removing starch, protein, and other primary interfering 
substances. Separately it was found that the pretreatment was 
adequate for removing and rendering achromatic to iodine 4 gm. 
of potato starch (wet weight) and for digesting 4 gm. of lean beef 


TasBie II 
Efficiency of Pretreatment 
Fermenta- 

ble 
reduction 
0.005 » thio 
ml mil, 
25 ml. stool suspension 1.82 3.86 
a. * 5 5 +0.25gm.starch.| 1.80 3.82 
he. ~f + 0.25 gm. air- 
dried meat 1.80 3.85 
25 ml. stool suspension + 0.25 gm. cellu- 


lose (subtracted) 1.85 3.77 
25 ml. stool suspension from non-residue 








0.0 0.0 














meat (wet weight) or 1 gm. of casein (dry weight). Hence if all 
of the residue from the feces suspension were starch and protein, 
or either one, the treatment is adequate for removing it. 

As a further control a man was kept on a milk-cream diet for 8 
days. At the end of 3 days a cathartic was taken to insure com- 
plete removal of residue. Stools were collected on the 6th, 7th, 


1 As a check for the labile hemicelluloses of food we suggest that to a 
sample (0.25 gm.) treated to remove the resins and fats only (no enzyme 
digestion) the 21.4 n sulfuric acid be added directly, the subsequent pro- 
cedure being the same, and the non-fermentable reduction determined. 
The strong-weak acid hydrolysis is, to a great extent, independent of the 
size of the particles and the results are more reliable than the usual 2.5 per 
cent hydrochloric acid hydrolysis. 
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and 8th days and analyzed for indigestible residue. The findings 
of the non-residue diet are given in Table II. The fatty character 
of these stools suggested the use of added bile salts as an important 
step in pretreatment. 


Methods for Analyzing Prepared Material 

Concentration of Sulfuric Acid—We have already indicated that 
cellulose is known to be dissolved by very strong sulfuric acid solu- 
tions (60 to 72 per cent) and lignin is dissociated from it. It 
would appear, therefore, that the first step in the quantitative 
analysis of cellulose, lignin, and hemicellulose is the treatment 
with strong sulfuric acid. 

It was observed that with the 72 per cent acid at 6-10° there 
was a tendency to charring, the pentosan recovery was low, and 


TaBe III 
Relation of Pentose Recovery to Concentration of Sulfuric Acid 





Sulfuric acid Pentose recovered 





per cent by volume mg. 
50 194.0 


60 (21.4 nN) 200.0 
72 140.0 








the lignin value was high. This apparently confirmed the ob- 
servation of Jenkens (15) that a lignin-like material was formed 
from pentose by 72 per cent sulfuric acid. We further determined 
that completely carbonized material (charred toast, etc.) appears 
quantitatively in the lignin fraction, and this emphasized the 
necessity of having diets free from charred foods. The furfural 
method and weak acid hydrolysis showed that the hemicellulose 
lost by the 72 per cent acid solution was not lost when the concen- 
tration of acid was reduced to 60 per cent. Thus 0.5 gm. of water- 
washed wheat bran gave 196.0 mg. of pentose by weak acid hydrol- 
ysis or 200.0 mg. of pentose by the furfural method. Table III 
presents our findings and indicates that the optimum for pentosans 
would be less than 50 per cent acid; but in our method lignin and 
cellulose must be determined. With 50 per cent acid, cellulose 
precipitated on being diluted to 4 per cent acid. 60 per cent acid 
does not appreciably decrease the yield of pentose and converts 
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cellulose (Whatman No. 1) between 96 and 98 per cent of the theo- 
retical. Therefore, 60 per cent acid was adopted for our method, 
because the pentose recovery is equal to that by other methods and 
lignin values were constant on several different determinations 
and presented a good, light brown appearance. With 72 per cent 
sulfuric acid the lignin was very dark. 

Time Necessary for Weak Acid Hydrolysis—Since the introduc- 
tion of the sulfuric acid method for hydrolysis of cellulose, it has 
been known that a weak acid hydrolysis is necessary to convert the 
dissolved cellulose into glucose. With 4 per cent sulfuric acid we 
found that a maximum reduction value was attained after 2.5 
hours and that this value was maintained through 6 hours. We 
selected 3 hours as an optimum time. 

Temperature—The temperature control of the strong acid (60 
per cent) is known to be very important. Within certain limits, 
the higher the temperature, the shorter the time necessary. We 
found that with 60 per cent acid and 6-10° an optimum was 
reached between 16 and 34 hours. With this concentration of 
acid and at this temperature the glucose recovery is excellent, no 
charring occurs, and considerable variations in time do not affect 
the yield. This fact adds to the flexibility of the method. 

To summarize, the principle of the analysis is this: 21.4 n 
(60 per cent by volume) sulfuric acid under controlled conditions 
dissolves the cellulose and hemicellulose completely and disso- 
ciates them from the lignin. The 21.4 n acid is then diluted to 
1.426 wn (4 per cent by volume) and boiled for 3 hours. The lignin 
is precipitated quantitatively; the cellulose and hemicellulose are 
converted into their constituent simple sugars which are soluble. 
The lignin is filtered off and weighed; the cellulose and hemicellu- 
lose, now converted into simple sugars, are estimated by copper 
reduction; the non-fermentable reduction represents the hemi- 
cellulose, and the fermentable, the cellulose (and mannan). 

Reduplication of results depends primarily on familiarity with 
copper reduction technique. We stress the importance of adjust- 
ing the sugar solutions to neutrality before analysis. 


Procedure 
Reagents 
Buffer-bile salt solution. 50 ml. of 0.2 m potassium acid phos- 
phate, 23.4 ml. of 0.4 N sodium hydroxide, 6.6 ml. of water, and 
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2.0 gm. of sodium taurocholate (exclusive of the sodium tauro- 
cholate, pH 8 on final dilution; see Clark and Lubs). 

Pancreatin-sodium chloride is made fresh each day. To 100 
ml. of 8.5 per cent sodium chloride add 10 gm. of pancreatin 
(Merck’s v.s.P. or 5 gm. of Merck’s absolute). Shake frequently 
for 30 minutes and then filter through a medium paper. 

Strong sulfuric acid. 21.4 nN (600 ml. of c.P. 95 per cent con- 
centrated sulfuric acid per liter). 

Stools are collected and weighed. The wet weight is multi- 
plied by 4 and this amount of water added and further diluted to 
the nearest 25 ml. mark. The total volume is then put into a 
suitably sized ball mill and ground for 20 minutes or until the 
suspension will pass a 20 mesh sieve. Owing to the character of 
the suspension a brisk rubbing may be necessary to sieve it. 25 
ml. of this suspension? are transferred to a 50 ml. glass-stoppered 
container, stoppered loosely, and steam-sterilized (15 pounds steam 
pressure, 30 minutes, to kill the spores and gelatinize the starch). 
The material is allowed to cool below 50° and these reagents added. 
20 ml. of buffer-bile salt solution, 5 ml. of pancreatin-sodium chlo- 
ride solution, and a few drops of toluene. The materials are well 
mixed and incubated for 3 days at 45° with occasional shaking. 
Filter the digest through a 125 mesh silk cloth.* This is easily 
done if the digest is added slowly and with a stream of distilled 
water from a wash bottle. Wash the residue with at least 200 ml. 
of water, then with 50 ml. of hot ethyl alcohol, followed by 25 ml. 
of hot benzene, and finally with 25 ml. of ethyl ether. Transfer 
the residue carefully to a 50 ml. glass-stoppered container. This 
transfer is facilitated if done just after the residue becomes crumbly 
and before the ether is completely evaporated. Place the con- 


? 0.25 gm. of air-dried food (20 mesh), to which have been added 25 ml. of 
water, can be pretreated as the feces suspension; but an additional check 
must be made as indicated in foot-note 1. If the material is finely pow- 
dered, the precaution of foot-note 3 should be observed. 

? This cloth was obtained through Essmueller Mill Furnishing Company 
of St. Louis. The holes are approximately 0.075 mm. square. Where the 
material will permit (foods) we recommend the 150 to 200 mesh cloth. If 
the material is powdered, we suggest putting the sample in a 50 ml. glass- 
stoppered centrifuge tube. The enzyme digestion, all washings by centrif- 
ugation, and acid treatment (described later) can be done without remov- 
ing the residue from that vessel. This minimizes mechanical losses. 
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tainer with the residue in the oven at 70° for 2 hours or until the 
residue is dry. 

To the prepared material (in a glass-stoppered container) add 
20 ml. of chilled (6—-10°) 21.4 n sulfuric acid, shake briskly, and 
put in the ice box (6-10°). Shake again at hour intervals (par- 
ticularly during the first 5 hours) and keep at this temperature 
for 24 hours. Dilute rapidly to 300 ml. (1.426 N acid) with dis- 
tilled water. Keep at the boiling temperature (gentle ebulition) 
under a reflux for 3 hours, cool to room temperature, and filter 
through a loose layer of ignited asbestos (Gooch crucible), and 
wash thoroughly with distilled water, collecting the first 50 ml. of 
the washings and adding it to the filtrate. Then wash carefully 
with at least 100 ml. of distilled water and follow with adequate 
alcohol, benzene, and ether washings. Dry the residue at 110°, 
weigh, ignite, reweigh, and calculate the loss as the lignin frac- 
tion. The filtrate is neutralized with 50 per cent sodium hydrox- 
ide (about 40 ml.) to phenol red, and further diluted to 500 ml. 
The total reduction is determined by the Shaffer-Somogyi copper 
reagent‘ (16). A portion (40 ml.) is fermented by the Somogyi 
washed yeast procedure (17), and the non-fermentable reduction 
interpreted on the xylose-arabinose curve and multiplied by the 
factor 0.88 to convert pentose to pentosan (hemicellulose).' The 
fermentable reduction is interpreted on the glucose curve and 
multiplied by the factor 0.90 to convert glucose to cellulose. 


Results 


Table IV presents analyses of (a) a prepared bran which con- 
tains lignin, hemicellulose, and cellulose, (b) Cellu Flour which 
contains hemicellulose and cellulose, and (c) a filter paper which 
is pure cellulose. Analytical literature is replete with failures to 
account for 100 per cent of such a complex mixture as wheat bran. 

Residues from aliquots of feces suspensions and other materials 
were isolated by the Weende method (crude fiber) and by the enzy- 
matic pretreatment (indigestible residue). Table V compares 
the gross values and the analyses of the two products. 


‘ The Shaffer-Somogyi Reagent 50 (with 5 gm. of potassium iodide) is 
calibrated for 30 minute heating periods for glucose and for xylose-arabinose 
(1:1). The sugar solutions for calibration are made up with 0.85 N sodium 
sulfate solution. 
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The data of Table V permit calculation of the percentages of 
the original lignin, cellulose, and hemicellulose remaining after the 
Weende digestions; and the results are given in Table VI. From 
these results it would appear that in the Weende digestions hemi- 
cellulose suffers the greatest lost, lignin less, and cellulose least. 
It has been suggested ((14) p. 206) that lignin protects native 
cellulose and hemicellulose against bacterial and chemical de- 
struction. However, native cellulose and hemicellulose in the 
absence of lignin vary greatly in their resistance to chemical treat- 
ment. The resistance of the hemicellulose particularly may be so 
strong that concentrated alkali is required to dissolve it or so 


Taste IV 
Composite Analysis of Materials by New Method 








per cent 


Moisture ; 2.50 
Fats, resins, etc j 0.0 
0.0 
Cellulose s 78.84 
Pentosan . 17.20 


Protein . 0.0 
0.0 














98.54 





weak that a phosphate buffer (pH 8) will remove as much as 40 
per cent. Therefore, with the solubility of these three fractions 
(lignin, cellulose, and hemicellulose) varying widely, it is reason- 
able to expect the Weende product to have a variable composition 
and, even though the materials have the same crude fiber content, 
the chemical composition to vary. Table VII gives an example of 
two materials (Table V, stool Suspension 3, and water-washed 
bran) with essentially the same indigestible residue values and 
crude fiber contents, but without a single instance of similar pro- 
portions of lignin, cellulose, and hemicellulose. Whereas con- 
trolled Weende digestion of the same material will give a product 
of similar composition, the value obtained is meaningless, for it 
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cannot be ascertained by the method whether the fractions dis- 
appearing are lost in the digestive tract or by the chemical degra- 
dation of the analytical method. 


TasBie VI 


Indicating Percentages of Indigestible Fractions Remaining after Weende 
Treatment 





Material in| Cellulose | Homiceliuloses 
per cent per cent 
42.6 
55.0 
36.2 
28.2 
22.1 
38.0 
29.0 
16.8 
a : 24.9 
Water-washed bran ; : 12.7 
Cellu Flour 5 0 

















Taste VII 





Stool Suspension 3 Water-washed bran 





Indigestible Indigestible 
digestible | Crude fiber ndigestible | Crude fiber 





116 33 34 13 
60 36 81 58 
73 26 158 20 

















249 95 273 91 





SUMMARY 


The Weede method is inadequate, because the product has an 
inconstant chemical composition; 7.e., it determines a variable 
fraction of the cellulose, hemicellulose, and lignin. 

Indigestible residue is defined and a biochemical method for its 
determination is described. The method is advantageous, be- 
cause by it are determined quantitatively the fractions of indi- 
gestible residue. 
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The biochemical method has been successfully applied to fecal 
material and certain other substances; and precautions are recom- 
mended for its successful use in food analysis. 
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The chemistry of silk fibroin and of the various products of its 
hydrolysis has been the subject of extensive investigation by Ab- 
derhalden and his coworkers (1). Interest has been centered 
around the “silk peptone” of Abderhalden and Steinbeck (2) and 
the diketopiperazines, which Abderhalden believes to be primary 
products of the hydrolysis of silk fibroin. Uchino (3) has studied 
recently the products of partial degradation of fibroin by various 
hydrolytic agents and has interpreted his data as evidence against 
the existence of the diketopiperazines as primary products of hy- 
drolysis. 

The purpose of the present investigation was the study of the 
composition and properties of peptones prepared from silk under 
various conditions of hydrolysis. It was hoped that, from the 
products of incomplete hydrolysis of silk, it might be possible to 
obtain substances of widely different composition, which would 
be of value in the study of the problems of structure. 


EXPERIMENTAL 


The material used for hydrolysis was silk waste of the grade 
designated in commerce as No. 6 short noils,' containing 4.73 per 


* A preliminary account of this investigation was presented before the 
Twenty-eighth meeting of the American Society of Biological Chemists 
at New York, March 28-31, 1934 (Lewis, H. B., and Grant, R. L., J. Biol. 
Chem., 106, lii (1934)). 

1 This product has been degummed to remove the sericin. We were 
unable to extract any protein by prolonged treatment with boiling water 
from the noils used in our experiments. We wish to express our indebted- 
ness to the Cheney Brothers of South Manchester, Connecticut, for their 
courtesy in supplying the silk used in these experiments. 
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cent moisture, 0.50 per cent ash, and 0.33 per cent of sulfur, 
Other analyses of the silk are given in Table I. 

Two methods were used for the determination of amino nitrogen, 
the gasometric method of Van Slyke and the titration method of 
Harris (4), a method by which it was possible to estimate carboxy] 
groups also. Tyrosine was determined by the modified Folin- 
Ciocalteau method suggested by Folin and Marenzi (5) and gly- 
cine as the ester hydrochloride. 


Taste I 
Analyses of Silk Peptones Prepared by Method of Abderhalden and Steinbeck 
(2) but with Varying Periods of Hydrolysis 
For each hydrolysis, 10 gm. of silk were used. All values are calculated 
on an ash-free moisture-free basis. 





— ti Amino N of total N 
— Yield Total N Tyrosine 
Van Slyke Harris 








per cent per cent per cent 


Silkt 18.0 12.3 
2-1 18.0 10.9 
2-2 17.5 11.0 
4-1 17.6 11.0 
4-2 17.2 11.2 
7-1 16.9 10.6 
7-2 16.7 11.0 

14-1 16.7 10.5 

14-2 16.5 10.6 

21-1 16.0 10.1 


SANBHHAN 
coon awo kf @ 

















SHSHENESS 
KB OCHO H Da 





* The figures before the hyphen represent the duration in days of the 
hydrolysis; thus Preparations 2-1 and 2-2 are duplicate preparations which 
were obtained after hydrolysis at room temperature for 2 days. 

t Glycine, 31.6 per cent. 


In five preparations of silk peptones,? made by the method of 
Abderhalden and Steinbeck (2), in which hydrolysis is effected by 
70 per cent sulfuric acid at room temperature for 4 days, the nitro- 
gen content ranged from 17.0 to 17.8 per cent; free amino nitrogen 
(Van Slyke), from 18.9 to 25.3 per cent; tyrosine, from 9.1 to 
10.3 per cent. 


2 We have used the term peptone for convenience in referring to the 
products obtained throughout with full realization that the products are 
probably not homogeneous and certainly not uniform. 
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Peptones were also prepared similarly from the hydrolysates of 
silk, the variable factor being the time of hydrolysis (2 to 14 days). 
The analyses of the peptones prepared in this series are presented 
in Table I. It is to be noted that as the period of hydrolysis at 
room temperature increased, there was a progressive decrease in 
the percentage of total nitrogen of the peptone and an increase in 
the percentage of the total nitrogen present as free amino nitrogen 
in the peptone. Table I also includes an analysis of a peptone 
prepared from a 21 day hydrolysate. This product, analyzed by 
the Van Slyke method, showed 64.1 per cent of the total nitrogen 
as free amino nitrogen. This high figure can best be explained by 
the presence of free amino acids precipitated by the alcohol with 
the peptone. However, all the free amino nitrogen values as 
measured by this method may be too high since Abderhalden and 
Van Slyke (6) have demonstrated that abnormally high results 
for amino nitrogen may be obtained in the Van Slyke gasometric 
procedure, if the free amino group is present in a glycine molecule 
in peptide combination with glycine or other amino acids. Since 
we do not know the exact composition of these peptones nor the 
relative proportion of the free amino groups which may be present 
in the glycyl radicals, it is impossible to estimate the magnitude of 
any error involved in the Van Slyke determinations. That some 
error is introduced into the Van Slyke method by the high content 
of glycine of the silk peptones is indicated by the lower values for ' 
amino nitrogen, as determined by the Harris method. 

The tyrosine content of the peptones prepared after varying 
periods of hydrolysis appeared to have no significant relation to 
the duration of the hydrolysis. All the values, however, were 
definitely lower than that of the original silk. 

It appeared that the hydrolysis had progressed to the point 
where fractionation of the peptones by simple methods was im- 
possible. Accordingly, an attempt was made to find conditions 
under which the products of hydrolysis might be separated into 
fractions which would vary in composition. A product was ob- 
tained after a much shorter period of hydrolysis than those previ- 
ously employed, and separated into two fractions of widely differ- 
ent tyrosine content. Since such a preparation and fractionation 
has not been reported previously, the detailed procedure is given. 
100 gm. of dry silk, from which all lumps had been removed by 
pulling apart with the hands, were packed into a compact mass 
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in a 2 liter flask, 200 cc. of 70 per cent sulfuric acid were added, 
and the flask was incubated at 30°. After 70 minutes, practically 
all of the silk was in solution and the brown syrup was poured into 
2 liters of ice water. A small amount of a gummy precipitate was 
filtered off and discarded. The sulfuric acid was removed as the 
insoluble barium salt and the clear light yellow filtrate and wash- 
ings were concentrated at 40° under diminished pressure to ap- 
proximately 300 cc. After standing overnight in the refrigerator, 
the syrup solidified. 

The grayish white solid mass was ground with water in a mortar 
and transferred to a beaker with 1500 cc. of water. A consider- 
able part of the material remained undissolved and the mass ap- 
peared somewhat gelatinous. The mixture was centrifuged and 
the insoluble fraction (Preparation 70-A) was washed several 
times with water and twice with alcohol before it was removed 
from the centrifuge cups and placed in 95 per cent alcohol. On 
the following day, it was filtered off on a Buchner funnel, washed 
with alcohol and ether, and dried in a vacuum oven at 60° before 
analysis. The yield (corrected for ash and moisture) was 22.6 gm. 

The supernatant fluid and all the washings from Preparation 
70-A were combined and concentrated as before to 100 cc. The 
syrup thus obtained was poured into 10 volumes of absolute alcohol 
and a precipitate (Preparation 70-B) was obtained in a yield of 
26.8 gm. 

The less soluble fraction (Preparation 70-A) was a grayish white 
powder, practically insoluble in cold water and dilute acids, 
slightly soluble in hot water, and readily soluble in dilute alkali. 
When dispersed in lithium bromide solution, it dialyzed readily 
and completely through a collodion membrane (7). This was in 
contrast to the behavior of the original silk when similarly dis- 
persed. Immunologically it was distinct from the product ob- 
tained from the original silk (7). The more soluble fraction 
(Preparation 70-B) was partially soluble in cold water. Both 
products gave brilliant pink biuret tests. Analytical data are 
presented in Table ITI. 

In a second experiment, essentially the same procedure was 
used except that the time of hydrolysis was 65 minutes. Two 
similar fractions (Preparations 65-A and 65-B) were obtained. In 
a third experiment by a slight variation of the procedure, three 
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fractions were obtained. The period of hydrolysis was 70 min- 
utes at 30°. After removal of the acid and the excess barium, 
the concentrated filtrate required 7 days in the refrigerator before 
it solidified. The insoluble fraction (Preparation 70-A-2) was 
separated, as already described. The filtrate after concentration 
to 100 ce. was allowed to stand in the refrigerator for 24 hours. A 
granular yellow precipitate was filtered off, washed with alcohol 
and ether, and dried (Preparation 70-X). The filtrate and wash- 


Tasie II 
Analysis of Silk Peptones Obtained after Short Periods of Hydrolysis and 
Fractionated As Described in Text 
The yields are expressed as gm. of ash-free moisture-free product ob- 
tained from 100 gm. of silk. All chemical analyses are calculated on a 
moisture-free ash-free basis. 





Percentage equivalent of total N as 





Preparation 
No. 


Amide | Amino N| C8 | Tyro- 
N (Harris) (Harris) sine N 





per cent | per cent 
18.4 19.1 3.0* 
18.9 5.7 10.7t 
18.0 14.9 2.9 
18.5 4.1 1 

18.4 17.9 30.5 
18.8 8.4 33.0 3.0 
18.3 2.5 31.0 1 19.1 


70-A 
70-B 
65-A 
65-B 
70-A-2f 
70-X 
70-B-2 
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* Amino nitrogen by the Van Slyke method, 3.0 per cent. 

t Amino nitrogen by the Van Slyke method, 11.0 per cent. 

t Carbon, 49.0 per cent; hydrogen, 6.3 per cent; nitrogen (Dumas), 18.3 
per cent. We are indebted to Mr. N. H. Fell for these analyses. 


ings from this fraction were concentrated and poured into absolute 
alcohol, from which the precipitate (Preparation 70-B-2) was fil- 
tered off, washed, and dried as before. 

From inspection of Table II it is evident that the more insoluble 
fraction contained in each case more tyrosine than the original 
silk (12.3 per cent), while in the more soluble fractions, the tyro- 
sine content was low, comparable to that of the usual type of pro- 
teins. Striking differences are also to be noted in the free amino 
and carboxyl groups. Little free amino nitrogen was present in 
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the less soluble fractions, indicating that relatively few .«ptide 
linkages have been broken by the acid, while in the more soluble 
fractions, the higher content of free amino groups indicated a 
considerable degree of hydrolysis. 

Glycine determinations were made on the fractions of the third 
experiment, Preparations 70-A-2, 70-X, and 70-B-2. The results 
of the analyses, 30.5, 33.0, and 31.0 per cent respectively, failed 
to demonstrate marked variations in the glycine contents of these 
fractions. All the glycine values were approximately the same as 
that of the silk, 31.6 per cent. 

It is evident that the silk has been separated into fractions of 
such complexity that typical biuret tests are obtainable, but of 
widely different tyrosine content. In the case of Preparations 
70-A and 70-B, 47 per cent of the tyrosine content of the original 
silk was contained in the peptones isolated. Of this, approxi- 
mately 74 per cent was present in the more insoluble fraction. 
Similar results may be calculated in the case of the other fractions. 
Such separations have never been obtained with silk proteins, so 
far as is known to us. Abderhalden (1) has isolated from prod- 
ucts of the hydrolysis of silk, a number of amino acid anhydrides, 
the diketopiperazines. We have been unable to obtain evidence 
of the presence of these in our products, since treatment with 
ethyl acetate, a solvent for the common piperazines isolated from 
silk, did not cause the extraction of any significant amount of 
material from Preparations 70-A-2, 70-X, and 70-B-2. 

Muldrew (8) has fractionated the products of peptic hydrolysis 
of casein into a primary proteose containing neither tyrosine nor 
tryptophane and a secondary proteose rich in both amino acids. 
Jones and Gersdorff (9) have similarly obtained three fractions 
from a peptic digestion of casein, in two of which cystine is absent. 
While neither these products nor our own can be considered to 
be definite chemical compounds rather than mixtures, by this 
method it has been possible to concentrate one particular amino 
acid in one fraction. In this connection, the comment of Hunter 
(8) on the work of Muldrew is of interest. “It is an obvious ad- 
vantage in dealing with a highly complex combination of amino 
acids to be able thus to localize even two of them in one particu- 
lar fragment of the whole.”’ 

Further work on the chemical and biological properties of the 
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products of the partial hydrolysis of the proteins of silk is in 
progress. 
SUMMARY 


Silk has been subjected to hydrolysis at 30° with 70 per cent 
sulfuric acid for 65 to 70 minutes and the products of hydrolysis 
studied. It has been possible to obtain two peptones of widely 
different composition. The first had a low amino nitrogen con- 
tent and a content of tyrosine higher than that of the original 
silk. The second contained more amino nitrogen (10 to 17 per 
cent of the total nitrogen) and tyrosine in amounts similar to 
many of the more common types of proteins (2.5 to 5.7 per cent). 
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Since Folin (1) applied the Jaffe reaction to the determination 
of creatinine in blood, many criticisms have been directed at the 
results obtained. The earlier were purely technical, concerned 
with the effect of impure picric acid on the color developed, and 
with the diverse values obtained by different methods of precipitat- 
ing the proteins. Others were of a more fundamental nature, and 
questioned the existence of creatinine in normal blood at all. 
Hunter and Campbell (2) studied the rate of color development in 
alkaline picrate solutions of creatinine, and of filtrates of plasma 
and whole blood. They concluded that by the Folin method the 
preformed creatinine of plasma is determined with a satisfactory 
approximation of accuracy but that the results on whole blood 
are about 50 per cent too high owing to the presence in the cor- 
puscles of some unknown substance which reacts with alkaline 
picrate. The later work of Behre and Benedict (3) and Gaebler 
and Keltch (4, 5), which has thrown doubt on the existence of 
creatinine in blood, has been concerned with the effect on the color 
developed in blood filtrates after they are shaken with adsorbents 
which are satisfactory for the removal of creatinine from pure 
solutions. Behre and Benedict found no decrease in the color 
developed in picric acid filtrates of normal blood after shaking 
with kaolin, although added creatinine was removed satisfactorily. 
Bloods containing more than 4 mg. per cent apparent creatinine 
did show 20 to 50 per cent loss if sufficiently diluted before ad- 
sorption. Gaebler and Keltch isolated creatinine from picric 
acid filtrates of normal blood of cattle as creatinine potassium pic- 
rate in amounts corresponding to about 0.9 mg. per cent. The 
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apparent creatinine of these bloods varied from 1.27 to 2.00 mg. 
per cent, while the values after shaking with kaolin were from 1.04 
to 1.63 mg. per cent. In other words, more creatinine could be 
isolated than was indicated by the apparent creatinine values be- 
fore and after shaking with kaolin. Much larger amounts of cre- 
atinine were isolated from the blood in cases of experimental and 
nephritic retention. The authors also reported that under the 
conditions employed all of the chromogenic substance removed 
from blood filtrates by Lloyd’s reagent and released again was 
identified as creatinine both in normal blood and in retention. 
In later experiments, Gaebler found no decrease in apparent cre- 
atinine in picric acid filtrates of normal bloods after they were 
shaken with kaolin washed in dilute hydrochloric acid, which was 
satisfactory for the removal of creatinine added to blood. But 
creatinine was regularly recovered by Lloyd’s reagent, unless the 
filtrate was first shaken with kaolin, when no appreciable amount 
of chromogenic substance was released from Lloyd’s reagent. 
This led Gaebler to the conclusion that the creatinine or creatinine 
derivative released from Lloyd’s reagent was formed from some 
non-chromogenic substance in the process of adsorption and re- 
lease, and that no creatinine as such is present in normal or 
pathological blood. 

The present status of the problem is indicated by the statements 
in Peters and Van Slyke’s (6) books—in one volume the usually 
accepted values for plasma creatinine are given, although it is 
emphasized that not all of the chromogenic material is creatinine, 
while in the description of the methods of determination, it is 
remarked that “it is uncertain what the substance thus calculated 
as ‘creatinine’ is, except that it is not creatinine.” 

Gaebler has urged that the question of the existence of pre- 
formed creatinine in plasma be approached from two aspects: in- 
direct evidence, such as effect of adsorbents, etc., on the Jaffe 
reaction, and direct evidence, the isolation of creatinine from blood. 

The present experiments are concerned with indirect evidence. 
Since creatinine can be isolated from blood as creatinine potas- 
sium picrate, it would seem that evidence bearing on its presence 
or absence in the original filtrate must be indirect. We have 
repeated certain of Hunter and Campbell’s experiments and of 
Gaebler’s under conditions which have led to somewhat differ- 
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ent results. A large part of the work deals with the use of Lloyd’s 
reagent. This involves the assumption that Gaebler’s statement, 
namely that all the chromogenic substance adsorbed on Lloyd’s 
reagent and released again from picric and tungstic acid filtrates 
can be identified as creatinine, applies also to trichloroacetic acid 
filtrates. 

The experiments fall into five groups: (1) comparison of the 
adsorption of creatinine by kaolin and by Lloyd’s reagent from 
picric acid and trichloroacetic acid solutions; (2) the effect of shak- 
ing a filtrate with these adsorbents on the color subsequently 
developed by addition of alkali or picrie acid and alkali; (3) com- 
parison of the rate of color development in pure solutions of cre- 
atinine with that in serum filtrates; (4) comparison of the color 
developed by the material eluted from Lloyd’s reagent and the 
chromogenic material remaining in the filtrate with the apparent 
creatinine in normal and pathological sera; (5) a similar compari- 
son in normal sera before and after ingestion of creatinine. 


Methods 


All experiments were performed on filtrates of serum or plasma. 
All picric acid used was recrystallized and answered the require- 
ments of Folin ahd Doisy (7). 

Trichloroacetic acid filtrates were made by adding an equal 
volume of 10 per cent trichloroacetic acid to serum or plasma, 
allowing the mixture to stand 1 hour, centrifuging, and filtering 
the supernatant fluid. From 1 to 5 cc. of filtrate, depending upon 
the amount of chromogenic material present, were diluted to 5 ce. 
and creatinine estimated by Rehberg’s (8) modification of Folin’s 
method, in which 1 ce. of saturated picric acid and 0.4 cc. of 10 
per cent NaOH are added to 5 cc. of unknown solution and stand- 
ard. When more than 2 cc. of filtrate was used the solution was 
neutralized to litmus with saturated NagCO; and the same volume 
of water added to the standard before addition of picric acid. If 
the filtrates were neutralized, the standards were prepared in 
water; otherwise they were prepared in 2 per cent trichloroacetic 
acid. 

Picric acid filtrates were prepared by adding to a 1:5 dilution 
of serum 3.3 gm. of picric acid for each 10 cc. of serum, allowing 
the mixture to stand 1 hour with occasional shaking, centrifuging, 
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and filtering the supernatant filtrate. Standards were prepared 
in saturated picric acid. Color comparisons were made after 
addition of 0.5 ec. of 10 per cent NaOH to each 10 cc. of solution, 

For adsorption a quantity of solution or filtrate containing 0.01 
to 0.5 mg. of apparent creatinine was made up to 10 cc. and shaken 
with 0.1 gm. of Lloyd’s reagent' or 0.8 gm. of kaolin.2 With 
trichloroacetic acid filtrates the concentration of acid, therefore, 
varied from approximately 2 to 5 per cent. This variation did not 
have any effect on the adsorption of creatinine from pure solutions. 
With picric acid filtrates, dilutions were made with saturated picric 
acid. The adsorbed material was eluted into 6 cc. of water by 
shaking with 0.05 gm. of magnesium oxide for Lloyd’s reagent, 
or 0.4 gm. for kaolin. It was necessary to neutralize the decanted 
fluids from trichloroacetic acid filtrates containing more than 2 
per cent trichloroacetic acid before addition of picric acid and 
alkali. 

This was done with saturated Na,CO; and an equal amount of 
water added to standard. When the filtrate was neutralized, 
the standard was prepared in water; otherwise it was prepared in 
2 per cent trichloroacetic acid. All solutions which had been 
shaken with kaolin or Lloyd’s reagent were centrifuged again 
during color development. A colorimeter with the Biirker opti- 
cal system (except as noted below) was used in which the interfer- 
ing color produced by alkaline picrate is compensated. By using 
suitable standards no correction curves were necessary, for with 
the standard set at 10 mm. (the depth of the chamber) the color 
was proportionai to the concentration of creatinine over the range 


1 This amount of Lloyd’s reagent is 2.5 times the amount used by Gaebler 
for a given volume of solution in his colorimetric procedure and in the first 
part of his isolation procedure. Gaebler, however, used a 1:10 filtrate, 
or 40 mg. of Lloyd’s reagent per cc. of blood, while for normal sera we have 
used a 1:2 dilution, or 20 mg. per cc., with trichloroacetic acid filtrates, 
and a 1:5 dilution, or 50 mg. per cc., for picric acid filtrates. Since 0.1 mg. 
of Lloyd’s reagent was found satisfactory for the recovery of 0.01 to 2.0 mg. 
of creatinine from 10 cc. of trichloroacetic acid solutions, and of from 
0.02 to 0.50 mg. from 10 ec. of picric acid (Table II), and for recovery 
from trichloroacetic acid filtrates of 0.5 and 1e0 mg. per cent of creatinine 
added to serum (Table I), it was adopted as our standard procedure. 

? All the kaolin used was Merck’s (National Formulary V) extracted 
at room temperature with cold 5 per cent HCl as recommended by Gaebler. 
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from 5 to 20 mm. depth with solutions containing 0.05 to 10.0 
mg. per cent of creatinine. Table I shows the colorimetric recov- 
ery of creatinine added to serum by Rehberg’s method, and the 
recovery of added creatinine from Lloyd’s reagent. 


TaBLe I 


Effect of Creatinine Added to Serum on Color Developed in Trichloroacetic 
Acid Filtrates 


Adsorption of added creatinine by Lloyd's reagent* 








Trichloroacetic acid filtrates 
“Creati- from | Corrected| _De- 
Creati- | Creati- | “Creati a. Lloyd's canted (a) = fe 
“Creati- | Creati- | “Creati- in serum u 

nine” nine nine’’ reagent +d) 
in serum | added found (a) (b) (e) (é) 





[ 





me. oe | me. Ber) Oe. Ber | Oe | eee | Oe) eee 
ce 
1.17 0. 
1.23 0. 


cent cent cent 


0.86 0.50 
1.00 
2.00 
4.00 
5.00 
0.50 
1.00 
5.00 
10.00 
15.00 
1.00 
2.00 
4.00 
5.00 
10.00 


= 


0.85 
1.607 : 1.29 
1.56 


2.05 
2.06 


oor me co me GE or to re Om Ro 
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Roma i Sam mom mm 3 
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* In this experiment the analyst did not know the amounts of creatinine 
added or that some of the samples were duplicates. 

t 0.5 mg. per cent of creatinine added. 

t 1.0 mg. per cent of creatinine added. 


Adsorption of Creatinine from Pure Solutions—In our hands, the 
adsorption of creatinine by both kaolin and Lloyd’s reagent was 
apparently more complete from trichloroacetic acid solutions than 
from picric acid, and the adsorption by Lloyd’s reagent better 
than by kaolin (Table II). The average recoveries with kaolin 
were 45 per cent from picric acid and 86 per cent from trichloroace- 
tic acid solutions; with Lloyd’s reagent 88 and 94 per cent. The 
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very small amounts of creatinine recorded in the last column of 
They are chiefly of value in showing 
that most, but not all, of the creatinine has been removed. The 


Table II deserve comment. 








Tasie II 
Removal of Creatinine from Pure Solutions by Kaolin and Lloyd’s Reagent 
The volume of solution shaken with adsorbent was 10 cc. Creatinine 
was released into 6 cc. 
_ No. of Recovered io 
“Taken” | determine | ganorption | i decanted 
(mean) 
mg. mg. mg. 
0.8 gm. kaolin and 2% tri- 0.01 2 0.011 >0.003 
chloroacetic acid 0.05 4 0.042 0.005 
0.10 4 0.078 0.029 
0.8 gm. kaolin and saturated 0.02 2 0.008 >0.010 
picric acid 0.05 2 0.022 0.013 
0.10 2 0.048 0.027 
0.20 2 0.093 0.091 
0.1 gm. Lloyd’s reagent and 2% 0.01 3 0.010 0.003 
trichloroacetic acid 0.02 2 0.018 0.003 
0.05 2 0.050 
0.10 1 0.100 0.007 
0.15 3 0.128 
0.30 4 0.288 
0.50 5 0.464 0.006 
1.00 1 0.934 0.008 
2.00 1 1.770 0.010 
5.00 1 4.71 0.290 
10.00 1 5.75 4.04 
20.00 1 6.78 11.04 
0.1 gm. Lloyd’s reagent and 0.02 2 0.017 >0.010 
picric acid 0.05 3 0.045 >0.010 
0.10 3 0.089 
0.20 2 0.172 >0.010 
0.50 1 0.46 

















stronger standard used in these comparisons contained 0.00078 
mg. of creatinine per cc., which is not much less than the 0.001 
mg. per cc. in the Folin blood-standard, so that the precision may 
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be expected to be about that of the estimation of a normal blood 
creatinine by Folin’s method for amounts of 0.010 mg. in the 10 
ce. of solution. Trichloroacetic acid solutions, however, contain- 
ing 0.05 mg. per cent or 0.005 in 10 cc. can be satisfactorily 


TasBe III 


Effect of Shaking Picric Acid and Trichloroacetic Acid Solutions with Ad- 
sorbents on Color Developed by Jaffe Reaction 














Color! 
reading 
Standard Unknown bey 1} 
mm.) 
Unknown* 
e mm, 
1. Picric acid + NaOH 2. Picric acid. Kaolin fil- 12.0 
trate + NaOH 
3. 0.01 mg. creatinine added | 4. 0.01 mg. creatinine added 14.1 
to (1) to (2) 
5. 0.05 mg. creatinine added | 6. 0.05 mg. creatinine added 16.9 
to (1) to (2) 
7. 0.1 mg. creatinine added | 8. 0.1 mg. creatinine added 17.3 
to (1) to (2) 
11. Same as (1) 12. Picric acid. Lloyd’s fil- 14.2 
trate + NaOH 
13. 0.01 mg. creatinine added | 14. 0.01 mg. creatinine added 15.7 
to (11) to (12) 
15. Trichloroacetic acid solu- | 16. Trichloroacetic acid solu- 12.8 
tion + picric acid + tion. Kaolin filtrate + 
NaOH picric acid + NaOH 
17. 0.01 mg. creatinine added | 18. 0.01 mg. creatinine added 16.1 
to (15) to (16) 
19. Same as (15) 20. Trichloroacetic acid solu- 19.5 
tion. Lioyd’s filtrate + 
picric acid + NaOH 
21. 0.1 mg. creatinine added | 22. 0.1 mg. creatinine added 20.0 
to (19) to (20) 





Amounts of creatinine are those added to 10 ec. of solution. 
* Mean of all determinations. 


matched in the colorimeter used. Solutions containing less than 
this cannot be matched so satisfactorily but solutions containing 
as little as 0.0025 mg. in 10 cc. can be matched against a standard 
containing 0.05 mg. per cent with an error of 10 to 15 percent. A 
solution containing 0.0025 mg. of creatinine in 10 cc. cannot be 
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matched at all with a trichloroacetic acid blank containing the 
same amount of picric acid and alkali. We believe that the figures 
do indicate detectable difference in the apparent creatinine in the 
decanted fluids. 

More complete removal of creatinine from a trichloroacetic 
acid filtrate was also found with a solution containing 6 per cent 
egg albumin and 2 mg. per cent of creatinine. Against suitably 
prepared standards, the trichloroacetic acid filtrate read 2.17 
mg. per cent of “‘creatinine;’’ from Lloyd’s reagent 1.92 mg. per 
cent (uncorrected for efficiency of isolation) were recovered, while 
the decanted fluid had a color equivalent to 0.22 mg. per cent.. 
The picric acid filtrate read 2.20 mg. per cent of “creatinine,” from 
Lloyd’s reagent the equivalent of 1.39 mg. per cent was released, 
while the decanted fluid read 0.06 mg. per cent. 

Effect of Shaking with Adsorbents on Color Developed in Decanted 
Fluids—The amount of adsorbent used was 0.8 gm. of kaolin or 
0.1 gm. of Lloyd’s reagent for 10 cc. of saturated picric acid soltu- 
tion. After shaking, the adsorbent was separated by centrifuga- 
tion and filtration, 0.5 cc. of 10 per cent NaOH added to 10 cc. of 
the picric acid solution, and comparison made in a Bausch and 
Lomb biocolorimeter with unshaken picric acid solution plus the 
same amount of alkali. Theresultsaregivenin Table III. When 
creatinine and alkali are added to shaken and unshaken picric 
acid, a deeper color is developed in the picric acid solution which 
has been shaken. The difference diminishes as the amount of 
creatinine added is increased. 

Trichloroacetic acid solutions (2 and 5 per cent) shaken with 
the same amounts of adsorbents, show a deeper color on addition 
of picric acid and alkali after kaolin, but little or no difference after 
Lloyd’s reagent. In this experiment 10 cc. of shaken trichloroace- 
tic acid solution were neutralized to litmus with saturated Na,CO; 
solution and 2 cc. of saturated picric acid plus 0.8 cc. of 10 per 
cent NaOH added. Standards consisted of the same strength of 
trichloroacetic acid, neutralized with the same volume of carbon- 
ate solution, to which the same quantities of picric acid and alkali 
were added. 

The increase in the intensity of color developed by addition of 
alkali to picric acid filtrates which have been shaken with kaolin 
we believe sufficient to account for failure to detect the removal of 
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any “creatinine” with kaolin. For if the picric acid solution used 
to make the standards is first shaken with kaolin, centrifuged, 
and filtered, a very definite decrease in the color developed in 
plasma filtrates shaken with kaolin can be detected (Table IV). 

These experiments led us to believe that Lloyd’s reagent was a 
‘better adsorbent for creatinine than kaolin, and that for studies 
involving adsorption of creatinine, trichloroacetic acid filtrates and 
estimation by Rehberg’s technique were more suitable than picric 
acid filtrates. 

Rate of Color Development—Hunter and Campbell found that 
the color developed by the Jaffe reaction in pure solutions of creat- 


Taste IV 
Comparison of Apparent Creatinine in Serum Filtrate after Kaolin Matched 
Against Standards Prepared in Unshaken and Shaken Picric Acid, 
and of Amounts of Chromogenic Substance Recovered from Kaolin 
and Lloyd’s Reagent 


All figures are expressed in mg. per 100 cc. of original serum. 
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inine was complete in 10 minutes, and that the rate of color de- 
velopment was proportional to the amount of creatinine which had 
still to react, that is the velocity constant, calculated on the as- 
sumption that it was a monomolecular reaction, was constant. 
With picric acid filtrates of plasma the curve had the same general 
form, but there was a continued, although slight, increase in the 
color intensity after the 10th minute. Hunter and Campbell 
showed that this could be more than accounted for by the glucose 
present in the filtrate. 

If Lloyd’s reagent furnishes a means of separating the true 
creatinine of the plasma from other interfering substances which 
give the Jaffe reaction, it seemed that the curve of the rate of color 
development with the material eluted from Lloyd’s reagent should 
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correspond with that of pure creatinine, while that in a filtrate 
previously shaken with Lloyd’s reagent might show a decided 
difference. Table V and Fig. 1 show that this is the case. The 
curves were constructed according to the method used by Hunter 
and Campbell, except that 1 ce. of saturated picric acid and 0.4 
cc. of alkali were added to 5 ce. of creatinine solution or trichloro- 
acetic acid filtrate, and the comparison made in a colorimeter 
with Birker optical system. The concentrations of creatinine 


TaBLe V 
Average Velocity of Color Reaction in Different Cases 
z = apparent creatinine at ¢ minutes; a = apparent creatinine at 10 





1 
minutes; k = - log. 
t a- 





























Pure creatinine Serum trom Lloyd ae d's 

1 mg. 2 mg. 

—— z ja-sz k z lja-z k z ja-2| k 

z ja-z &k z la—al k 
1 0 41/0 59/0 .53)0 .78)1 .22'0 . 48/0 . 35/0 .78)0 .37/0 . 28/0 54/0 42/0 .09)0 140.90 
2 |0.64/0.36/0.51)1.22/0.78)0 . 47/0 .59)0 . 54/0 .37/0 . 45/0 .37/0 . 40/0 20/0 .03)0 .70 
3 |0.76/0.24)0 48/1. 46/0 .54/0 .44/0.76/0 .37/0 .37)/0 . 58/0 . 24/0 41/0 .20/0 03/0 .47 
4 |0.86/0.14/0 49/1 .62/0 .38)/0 .42)0 .88)/0 .25/0 .38)0 .65)0 17/0 .39/0 20/0 .03/0 .35 
5 |0.90/0. 10/0. 46/1 .74/0 26/0. 41/0 97/0. 16/0 .39/0 71/0. 11/0. 40/0. 20/0 03/0. 28 
6 |0.93)0.07\0.44)1.83)/0.17)0 41/1 .03/0. 10/0 .41/0 75/0 .07/0.41/0.21/0.02/0.14 
7 \0.96)0 .04)/0 .46/1.89)0 . 11/0 .42/1.07/0 .06/0 . 42/0 . 79/0 .03/0 . 47/0 .22/0 01/0 .65 
8 |0.98/0.02/0 .49)1.94/0 06/0 .44/1. 10/0 .03)0 .45/0 81/0 .01/0. 50/0. 23 
9 |0.99/0.01 1. 98/0 .02 1.12/0.01/0.52/0.82 0.23 
10 {1.00 2.00 1.13 0.82 0.23 
20 |1.00 2.00 1.17 0.82 0.24 
30 |1.00 2.00 1.20 0.82 0.25 





























given are not those actually compared, but are those to which they 
would correspond in serum. This is done for the sake of clear- 
ness, since for serum filtrates before and after Lloyd’s reagent the 
comparison was made on a 1:2 dilution of serum with 10 per cent 
trichloroacetic acid, while with Lloyd’s reagent the material ad- 
sorbed from 10 cc. of filtrate was eluted into 6 cc., so that the dilu- 
tion of serum was only 1:1.66. The curves for pure creatinine 
correspond closely with those of Hunter and Campbell; the con- 
stancy of k, however, is not quite so good and the average k (all 
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above 0.50 being omitted as erroneous) is 0.44 instead of 0.46. 
The other three curves, for serum filtrate, for the material eluted 
from Lloyd’s reagent, and for filtrate after shaking with Lloyd’s 
reagent, are the averages of nine curves, three of each class, ob- 
tained from the same sample of mixed sera. Similar curves from 
other sera show the same phenomena but are omitted for the sake 
of brevity. 





&£4 6 8 10 20 30 Min 


Fig. 1. Time curves of Jaffe reaction. For the method of construction 
see the text. Curve I represents pure creatinine; Curve II, serum filtrate; 
Curve III, matetial eluted from Lloyd’s reagent; Curve IV, serum filtrate 
after shaking with Lloyd’s reagent. 


The curve for serum filtrate shows the continued increase in 
color intensity after 10 minutes described by Hunter and Camp- 
bell. The rate of color development in the first 5 minutes is 
slower, instead of more rapid, than in pure solutions of creatinine 
in our experiments. For the material eluted from Lloyd’s reagent, 
the curve is identical with that of a pure solution of creatinine 
within the limits of the method in our hands. The rate of color 
development in a trichloroacetic acid filtrate of serum which has 
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been shaken with Lloyd’s reagent is, however, quite different. 
There is a rapid development of color during the first 2 minutes, 


Taste VI 


Data on Normal and Pathological Sera, and on Normal Sera before and after 
Ingestion of Creatinine 


All figures represent mg. per 100 ec. of original serum. 





Recovered! ror | Recov- | After 
Apparent from | Lloyd's Difference Apparent ered from Lloyd's Difference 
creatinine | Lloyd's reagent (a) — (b | creatinine | Lloyd's reagent )—(e 
agree | +2 | cengeus +f) 
(b) (d) ee a 





and pathological sera 





+0.14 | 4.44 | 4.28 | 
+0.05 | 4.50 | 3.78 | 
—0.10 | 4.60 3.88 
—0.2% | 6.40 | 5.15 
—0.03 | 8.50 6.56 | 
—0.06 | 10.00 7.89 
—0.13 | 12.30 | 11.34 
—0.23 | 13.22 | 13.15 
| 17.92 | 16.80 
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coococeceo 


—().44 | 

—0.07 | 18.50 | 16.30 
+0.22 | 19.12 | 17.90 
+0.10 | 19.70 | 18.35 
1.77 —0.04 | 21.04 | 18.10 | 
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Normal sera before and after ingestion of creatinine 








| 0.87 | 0.16 | 40.02 | 7.74 | 5.95 | 0.22 

0.96 | 0.06 | -0.03 | 8.15 | 6.95 | 0.33 
1.04 | 0.20 | 40.16 | 8.40 | 7.32] 0.28 
1.19 | 0.02 | -0.01| 8.84 | 7.92} 0.27 
2.72 | 0.23 | -0.14| 8.87 | 7.70 | 0.23 
3.22 | 0.21 | -0.31| 8.92 | 8.18 | 0.27 
4.24 0.30 —0.04 | 9.54 8.83 0.60 
4.37 | 0.35 | +0.06| 9.55 | 8.13] 0.34 
49 | 0.34 | -0.14! 10.40 | 10.00] 0.26 
5.32 0.27 | +0.01 | 10.88 | 9.72 | 0.45 





5.56 0.60 | —0.06 | 12.10 | 11.10 | 0.13 
7.14 0.58 | —0.02 | 
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then little or no detectable change until the 6th or 7th minute, 
after which there is a slow gradual development of color persisting 
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for at least 30 minutes. The intensity of color in these solutions 
is, however, so low and the changes so slight, that their signifi- 
cance may seem open to doubt. The characteristics mentioned 
were constant in all experiments, and were brought out even more 
clearly when the filtrate was concentrated 5-fold by evaporation 
in vacuo at 30°. The character of this curve suggests that there 
may be more than one substance other than creatinine present 
in a trichloroacetic acid filtrate of serum which gives the Jaffe 
reaction, and interferes with the determination of the latter. 

Relation of Apparent Creatinine in Normal and Pathological 
Sera and Material Eluted from Lloyd’s Reagent—When trichloro- 
acetic acid filtrates of normal and pathological sera are shaken 
with Lloyd’s reagent, there is a very definite decrease in the color 
developed on addition of picric acid and alkali (Table VI). From 
the Lloyd’s reagent a chromogenic substance can be released. If 
Gaebler’s results with picric and tungstic acid filtrates apply also 
to trichloroacetic acid filtrates, this should all be identifiable as 
creatinine. The amount of creatinine released from Lloyd’s 
reagent (multiplied by 100/94 to correct for the efficiency of re- 
covery), and the amount of chromogenic substance or substances 
remaining in the decanted fluid, expressed as ‘‘creatinine’’ equal 
the amount of “‘creatinine”’ in the original filtrate within the limits 
of the method. If the material released from Lloyd’s reagent be 
creatinine, it would seem that it must have been present as such 
in the original filtrate, unless it is assumed that in addition to a 
non-chromogeniec precursor of creatinine some other substance 
(or substances) having the same chromogenic value as creatinine 
has been adsorbed on Lloyd’s reagent but not released again in 
alkaline solution. It seems unlikely that any creatinine present 
in the original filtrate has been formed in the process of precipitat- 
ing the proteins, for the same “creatinine” is obtained in a tri- 
chloroacetic acid filtrate of serum and in an ultrafiltrate through a 
collodion membrane. This confirms the observations of Ashard, 
Levy, and Potop (9) that all the “creatinine” in serum passes 
through a collodion membrane. 

From picrie acid filtrates a smaller amount of creatinine is ob- 
tained by the use of Lloyd’s reagent, and there is more chromogenic 
substance in the decanted fluid. But since the same ‘‘creatinine”’ 
values are found in the original trichloroacetic acid and picric 
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acid filtrates of a serum, and since evidence has been presented 
that the recovery of creatinine from picrie acid solutions is not 
as good as from trichloroacetic acid solutions, and since shaking 
with Lloyd’s reagent gives the picric acid a deeper color on addition 
of alkali, this observation does not seem to invalidate the observa- 
tions on the trichloroacetic acid filtrates. The discrepancy, how- 
ever, is somewhat greater with serum filtrates than with pure solu- 
tions. For this we have no explanation. 

If the “‘creatinine’’ value by Rehberg’s modification of Folin’s 
method is plotted against the values obtained by the use of Lloyd’s 
reagent, the points fall along a straight line. While there is some 
scattering of the points, this we believe to be within the limit of 
error of the method. If the apparent creatinine values be plotted 
as absciss# and the amounts eluted from Lloyd’s reagent (multi- 
plied by 100/94 to correct for efficiency of recovery) as ordinates, 
the relation can be shown by calculating the regression lines. 
These are y = 0.9192 — 0.248 and xz = 1.082y + 0.308. The 
coefficient of correlation (r) is 0.997. The high degree of correla- 
tion between the apparent creatinine values and those obtained 
after adsorption indicates that if the presence of creatinine as such 
be accepted in retention blood, there is a high degree of probability 
that it is present as such in normal blood as well. 

Relation of Apparent Creatinine and Material Eluted from Lloyd’s 
Reagent before and after Ingestion of Creatinine—The relation be- 
tween apparent creatinine and the material recovered from Lloyd’s 
reagent in normal serum before and after ingestion of creatinine is 
also shown in Table VI. The regression lines are y = 0.897 x — 
0.002 and x = 1.107y + 0.05. The coefficient of correlation (r)'is 
0.996. 

It is apparent that the chromogenic material accumulating in 
the plasma after ingestion of creatinine and that accumulating in 
disease behave alike in respect to adsorption on Lloyd’s reagent 
and subsequent elution. There is also the same relation between 
the amount recovered from the adsorbent and the apparent cre- 
atinine of the serum. If creatinine is present in plasma after its 
ingestion, it seems highly probable that it is present in blood in 
cases of retention as well. If it were present in these but not in 
normal blood, we would not expect the linear relation existing 
between the material recovered from Lloyd’s reagent and the ap- 
parent creatinine of serum at all levels of the latter. 
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The amount of chromogenic material remaining in the filtrate 
after it has been shaken with Lloyd’s reagent is usually greater 
both in serum in cases of retention and after ingestion of creati- 
nine than it is in normal sera. In pathological sera, this is most 
easily attributed to a retention of other substances than creatinine 
which give the Jaffe reaction. But since under the conditions of 
the experiment (10 cc. of fluid plus 0.1 gm. of Lloyd’s reagent at 
room temperature) the amount of creatinine adsorbed by Lloyd’s 
reagent is limited, the increase in chromogenic material in sera in 
retention might simply be due to incomplete removal by Lloyd’s 
reagent. A consideration of the results shown in Table I and 
the amounts of chromogenic material in the original pathological 
sera makes this unlikely however. The direct experiment, shak- 
ing a serum filtrate a second time with a fresh quantity of Lloyd’s 
reagent, showed that while a small amount—approximately 0.05 
mg. per cent—of chromogenic material could be recovered from 
the adsorbent, this was insufficient to account for the greater color 
developed in pathological sera which had been shaken with 
Lloyd’s reagent than in normal sera. This confirms Gaebler’s 
observation that in disease there is an increase in substances other 
than creatinine giving the Jaffe reaction. 

The increase in color developed after shaking with Lloyd’s 
reagent in sera following the ingestion of creatinine is harder to 
understand. A priori, it would seem that all the increase in color 
following the ingestion of pure creatinine should be due solely to 
creatinine itself. Yet since the nature of the other substance or 
substances giving the reaction is unknown, the possibility that an 
increased concentration of creatinine in the blood, from whatever 
cause, gives rise to an increase in these other substances cannot be 
excluded. The amounts are small—in some instances they could 
readily be accounted for by analytical errors or by incomplete re- 
moval of all the creatinine by Lloyd’s reagent. But in other ex- 
periments shaking a second time with fresh adsorbent did not 
diminish the color developed. The close agreement of the re- 
gression lines for the relation of the apparent creatinine in se- 


* Under the conditions of the experiment, the adsorption of creatinine 
by Lloyd’s reagent from trichloroacetic acid solutions apparently follows 
Langmuir’s equation, g = Ap/(B + p), where q is the quantity adsorbed 
and p the equilibrium concentration, A having the value 0.014 and B 0.027. 
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rum and that obtained from Lloyd’s reagent in pathological sera 
and after ingestion of creatinine suggests that the same relation- 
ship holds in the two conditions. We are unable to give a satis- 
factory explanation for the increased color in filtrates which have 
been shaken with Lloyd’s reagent after ingestion of creatinine. 

None of these experiments proves the existence of creatinine in 
either normal or pathological sera, or after its ingestion. We have 
pointed out errors in basing an estimate of the amount of chromo- 
genie substance removed by adsorbents from picric acid filtrates 
on the color developed before and after shaking with the adsorb- 
ent. From trichloroacetic acid filtrates an appreciable fraction of 
the chromogenic material is adsorbed by Lloyd’s reagent and can 
be eluted in alkaline solution. If this is creatinine, the simplest 
explanation is that it was present as such in the original filtrate. 
Since certain derivatives of creatinine (methylcreatinine, methyl- 
glycocyamidine, benzoylcreatinine, etc.) give the Jaffe reaction 
(10) and are adsorbed by Lloyd’s reagent (11), nothing in these 
experiments can distinguish between creatinine and these com- 
pounds. But since creatinine is a normal constituent of urine and 
the other compounds have not been isolated from the animal body, 
it seems probable that creatinine itself is the chief chromogenic 
compound present in blood plasma. 


SUMMARY 


Indirect evidence based on the use of Lloyd’s reagent indicates 
the presence of creatinine in normal and pathological human 
blood serum. Trichloroacetic acid filtrates were found more 
satisfactory than picric acid filtrates since shaking picric acid with 
either kaolin or Lloyd’s reagent leads to the development of a 
deeper color on addition of alkali or creatinine and alkali. The 
rate of color development in solutions of the material eluted from 
Lloyd’s reagent is the same as that in creatinine solutions, while 
the rate in serum filtrates before and after shaking with Lloyd’s 
reagent differs from pure creatinine solutions. Trichloroacetic 
acid filtrates of both normal and pathological sera show a decided 
reduction in the intensity of the Jaffe reaction after shaking with 
Lloyd’s reagent. The sum of the remaining color and that ob- 
tained from material eluted from Lloyd’s reagent agrees with that 
in the original filtrate within the limits of the method. The rela- 
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tion between the two fractions is the same whether the increase 
in apparent creatinine is due to disease or ingestion of creatinine. 
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STROPHANTHIN 
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In our recent communication' we have presented formulas for 
strophanthidin (Formula I) and related aglucones which are ob- 
vious consequences of the degradation of digitoxigenin and gitoxi- 
genin to etiocholanic acid taken together with the nature and inter- 
relationships of the functional groups which have been established 
by the previous investigations of our laboratory. It was simul- 
taneously pointed out that a reinterpretation of the nature of 
trianhydrostrophanthidin would now be necessary. 

Trianhydrostrophanthidin? results by the cleavage of water 
from dianhydrostrophanthidin. The former substance, contrary 
to the latter, no longer possesses a free aldehyde or hydroxyl group. 
Its formation therefore must involve the loss of water from the 
lactol form of dianhydrostrophanthidin. From the start, what 
appeared scarcely likely is that this loss of water occurs with the 
formation of a new carbon to carbon linkage in a new ring. The 
most plausible interpretation is the production of a new double 
bond as previously assumed by loss of water with an adjoining 
C-H group. The difficulty which persisted was that the new 
double bond could not be determined directly. Its formation 
could be inferred only from the development of new properties 
unique to trianhydrostrophanthidin. Whereas its precursor, 
dianhydrostrophanthidin, can be readily hydrogenated, all at- 
tempts to hydrogenate the trianhydro derivative (except the 
lactone double bond) failed. It was concluded that in the forma- 
tion of this substance a benzenoid arrangement of the double bonds 


1 Jacobs, W. A., and Elderfield, R. C., Science, 80, 434, 533 (1934); J. 
Biol. Chem., 108, 497 (1935). 
2 Jacobs, W. A., and Collins, A. M., J. Biol. Chem., 68, 123 (1925). 
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is produced. This benzenoid character was indicated by the 
behavior of the substance towards bromine, by its behavior on 
oxidation,’ and finally by the results of ultra-violet absorption 
spectra measurements.‘ 

However, since the occurrence of the aldehyde group on carbon 
atom (10) in strophanthidin must now be accepted on the basis 
of the accepted sterol formula, the formation of such a benzenoid 
ring would be impossible unless a rearrangement of the aldehyde 
carbon atom accompanied the production of the new double bond. 
The logical assumption is that in this rearrangement the aldehyde 
carbon wanders to carbon atom (1) (Formula II). This is still 
compatible with the presence of the oxidie bridge in trianhydro- 
strophanthidin which would become a butylene oxide. In such a 
case only Ring B could be seriously considered as that which has 
become benzenoid. Ring C is practical y out of the question 
since the extremely improbable assumption would have to be made 
that the transformation also involves carbon atom (13). 

The assumption that Ring B is benzenoid permits the transfer 
to the new formula of our previous interpretation of the nature of 
the acid,’ C.;H..Os, obtained by the oxidation of trianhydrostro- 
phanthidin with chromic acid. This was originally explained as 
due to ring cleavage at the oxide linkage with the formation of a 
new lactone and a carboxyl group. Its new interpretation is given 
in Formula III in which Ring A is cleaved between carbon atoms 
(3) and (4). 

However, the behavior of such substances as trianhydrostro- 
phanthidin on oxidation, when taken alone, can no longer be re- 
garded as a safe criterion for the presence of a benzenoid ring. 
In our earlier interpretations it was assumed that the oxidation 
of trianhydrostrophanthidin with permanganate under the gentle 
conditions employed and which resulted in the degradation of the 
A*:7-lactone side chain with loss of 3 carbon atoms to the mono- 
basic acid, Cookly,O3, indicated that this side chain was attached 
to the benzenoid ring and was thus a complex aromatic acid. 
Since our recent work has demonstrated carbon atom (17) of Ring 
D as the place of attachment of the lactone group, this acid must 
have the arrangement given in Formula IV. 


’ Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 74, 805 (1927). 
* Elderfield, R. C., and Rothen, A., J. Biol. Chem., 106, 71 (1934). 
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However, trianhydrostrophanthidin behaves quite differently 
towards permanganate than its precursor, dianhydrostrophan- 
thidin, which showed no evidence of degradation of its lactone 
group on oxidation. It appears, however, that in some way the 
unique behavior of the trianhydro derivative must be due to the 
influence of the benzenoid configuration transmitted through the 
molecule. 

Before the recent degradation of digitoxigenin to etiocholanic 
acid was accomplished we attempted to confirm the previously 





assumed aromatic character of the acid CyH,.,O; by other trans- 
formations. Since these attempts may be of interest, the present 
opportunity will be taken to record them. 

With the idea that the acid C»HO; if aromatic should yield 
an aromatic amine, the Curtius degradation through the azide was 
attempted. This yielded the amine, CipH,ON, which was isolated 
as the hydrochloride. Contrary to expectations this amine did not 
behave like an aromatic amine. After diazotization it failed to 
give an azo dye with the usual couplers, and lost its amino N 
promptly in the Van Slyke apparatus. 
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Again, in accordance with our older formula for trianhydro- 
strophanthidin, the ester of this acid would appear as in Formula 
V. In such an arrangement the ester group lying between two 
alkyl derivative substituents should show considerable steric 
hindrance towards saponification with alkali. As a basis for 
comparison parallel determinations were made on benzoic methyl 
ester, o-toluic methyl ester, and 2,4,6-trimethylbenzoic methyl 
ester. The two former esters were readily and completely saponi- 
fied by 2 hours boiling with 0.1 N sodium hydroxide solution. The 
trimethylbenzoic ester, as expected, however, proved to be very 
resistant to such conditions. On the other hand, the methyl 
ester of the acid CyH.,O; was very easily saponified by 0.1 N 
alkali. Thus, the behavior of the ester like that of the amine did 
not fit with the requirements of the older formula. 

As an alternative we had considered, as presented in an earlier 
communication,’ the possibility that the lactone side chain might 
have been attached to such a ring by an intermediate carbon atom. 
As a check on such a possibility we have attempted the degrada- 
tion of the above ester with Grignard’s reagent and subsequent 
oxidation. For this purpose the diphenylcarbinol, C32H3«Q2, was 
prepared. All attempts, however, to degrade this by oxidation or 
by dehydration and subsequent oxidation failed. On oxidation 
with chromic acid a substance was obtained the analysis of which 
indicated a formula C3,Hy»O,. It was neutral but on heating 
consumed 1 equivalent of alkali. The presence of a lactone group 
is therefore indicated. Further study of the substance did not 
yield a clue to its real nature. 

At another stage of the strophanthidin problem we have made 
other observations with its anhydro derivatives which can be of 
interest. It has already been shown that both monoanhydro- and 
dianhydrostrophanthidin are first obtained as ethyl or methyl 
lactals from strophanthidin. The ethylal derivatives yield acids 
on saponification which were found to be aldehydo acids since 
oximes could be readily prepared from them.’ However, a differ- 
ence in the behavior of these aldehydo acids towards acids has 


5 Jacobs, W. A., and Elderfield, R. C., J. Biol. Chem., 100, 671 (1933). 

® Jacobs, W. A., and Collins, A. M., J. Biol. Chem., 69, 713 (1924). 

7 Jacobs, W. A., and Collins, A. M., J. Biol. Chem., 64, 383 (1925). 
Jacobs, W. A., Hoffmann, A., and Gustus, E. L., J. Biol. Chem., 70, 1 (1926). 
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since been noted. As already presented, the ethylal of dianhydro- 
strophanthidinie acid shows little tendency to-relactonize since 
acid hydrolyzes the ethylal group with formation of dianhydro- 
strophanthidinic acid. When a similar attempt was made to 
remove the ethyl group from the ethylal of monoanhydrostro- 
phanthidiniec acid, even under the gentlest conditions, relactoniza- 
tion also occurred. The neutral substance recovered, however, 
was not monoanhydrostrophanthidin itself but an isomeric sub- 
stance which unlike the former no longer possesses the A*:7-un- 
saturated lactone group since the nitroprusside reaction was nega- 
tive. The same substance, isomonoanhydrostrophanthidin, results 
from the action of alcoholic alkali on monoanhydrostrophanthidin 
itself and subsequent relactonization. Since monoanhydrostro- 
phanthidin no longer possesses OH' on carbon atom (14), this 
isomerism is of a nature different from that which distinguishes 
strophanthidin from the isoaglucones. It must result from a shift 
of the A*:7 double bond of monoanhydrostrophanthidin to a new 
position most probably conjugate with the additional double bond 
formed by loss of OH!. 

In work on the oxidation of various anhydroaglucone deriva- 
tives which will shortly be published, it has been found that the 
double bond produced by loss of OH' must be assumed to occupy 
a position in neutral or acid solution different from that in alkaline 
solutions. In the latter case, our previous oxidation experiments*® 
which led to cleavage of Ring D have shown the double bond to 
lie between carbon atoms (14) and (15). It is thus apparent that 
alkali can readily induce a shift and so permit conjugation of this 
double bond and the double bond immediately produced by re- 
lactonization and so facilitate such relactonization. A possible 
formula of isomonoanhydrostrophanthidin may be as given in 
Formula VI or VII. 

In the case of dianhydrostrophanthidinic acid the second double 
bond already produced by loss of OH™ on carbon atom (5) un- 
questionably conjugates with the first double bond from OH". 
This conjugation probably occurs in Ring B and possibly as shown 
in Formula VIII. In such an arrangement it would appear ob- 
vious that there would be nothing to facilitate relactonization of 

§ Jacobs, W. A., and Elderfield, R. C., J. Biol. Chem., 97, 727 (1932); 
99, 693 (1932-33). 
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the carboxyl and aldehyde groups and could thus explain the 
observed stability of dianhydrostrophanthidinie acid. 

After our previous paper was sent to press the formal communi- 
cation of Tschesche® on the degradation of dianhydrouzarigenin 
to etioallocholanic acid reached us. In an accompanying paper'® 
Tschesche and Knick also discuss the question of the anomaly 
presented by trianhydrostrophanthidin and have also drawn the 
only reasonable conclusion from this degradation and the data 
furnished by us that it is the result of a rearrangement of the alde- 


CH,—0 








hyde carbon atom from carbon atom (10) to carbon atom (1), and 
suggest the same formula (II) which we have now adopted. 
Their presentation of the oxidation of trianhydrostrophanthidin 
with nitric acid to benzenetetracarbonic acid appears as a con- 
firmation of our view that the former contains a benzenoid ring. 
In this particular oxidation experiment they have overtaken us in 
work which was already in progress in our laboratory. 


* Tschesche, R., Z. physiol. Chem., 229, 219 (1934). 
‘© Tschesche, R., and Knick, H., Z. physiol. Chem., 229, 233 (1934). 
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EXPERIMENTAL 


Methyl Ester of the Acid, CoH24Os—The acid, CaHOs, pre- 
viously obtained by the oxidation of trianhydrostrophanthidin 
with permanganate in acetone solution was esterified with diazo- 
methane. The ester formed aggregates of needles from methyl 
alcohol which melted at 88°. 


CuHwO;. Calculated. C 77.25, H 8.03, OCH; 9.50 
Found. “ 77.65, “ 8.14, “ 9.29 


The following comparisons in regard to ease of saponification 
were made with this ester and the following aromatic esters. 

13.560 mg. of the methyl ester, Co:H2.O3, were refluxed in 2 ec. 
of alcohol and 3 cc. of 0.1 N NaOH for 2 hours and titrated back 
against phenolphthalein. Calculated for 1 equivalent, 0.416 cc.; 
found, 0.420 ce. 

6.250 mg. of methyl benzoate under the same conditions con- 
sumed 0.503 ce. Calculated, 0.460 ce. 

7.505 mg. of methyl-o-toluate consumed 0.534 ce. Calculated, 
0.501 ce. 

7.970 mg. of sym.-trimethylbenzoic methyl ester consumed only 
0.058 cc. Calculated, 0.446 ce. 

As a further check more strenuous conditions were employed 
in the case of the last ester, which were, however, still found to be 
insufficient for complete saponification. 39.75 mg. of the tri- 
methylbenzoic ester were refluxed in 2 cc. of aleohol and 3 ec. of 
N NaOH for 4 hours. The alkali consumed was 0.119 ce. Caleu- 
lated for 1 equivalent, 0.223 ce. 

Diphenylcarbinol, CnHsO2—1 gm. of the ester dissolved in 40 
cc. of dry ether was slowly added to Grignard’s reagent pre- 
pared from 0.296 gm. of magnesium and 1.3 ce. of bromobenzene 
(4 moles). The mixture was then refluxed for 5 hours and allowed 
to stand overnight. After decomposition with ice and dilute 
H.SO,, the carbinol was extracted with ether. The extract left a 
residue on concentration, which was steam-distilled. The residual 
carbinol was recrystallized from a small volume of dry ether. It 
formed prisms which melted at 127—128° with decomposition. 


CuHyO,. Calculated. C 85.28, H 7.62 
Found. * 85.18, “ 7.95 
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Oxidation of the Diphenylcarbinol to the Lactone, C32H30 ~—A solu- 
tion of 0.5 gm.of the above carbinol in 20 cc. of acetic acid was 
treated with 5 ce. of 20 per cent CrO; solution. After 24 hours at 
room temperature, the mixture was diluted and extracted with 
ether. The extract was washed free of acetic acid with water. The 
ether solution was then extracted with dilute ammonia which, how- 
ever, removed but a small amount of amorphous acid material. 
The remaining ether solution containing neutral material after con- 
centration was steam-distilled for removal of any benzophenone 
and the residue was again extracted with ether. The latter yielded 
a substance which crystallized from methyl alcohol as fine prisms 
and melted at 288°. 


Cs2H300.. Caleulated. C 80.17, H 6.34 
Found. ** 79.98, “* 6.24 
** 80.17, “ 6.06 


The molecular weight determination was made by the Rast 
method. 3.387 mg. of substance: 30.193 mg. of camphor, A = 
9.2°. Molecular weight found, 488; calculated, 478. 

12.440 mg. of substance were refluxed with 2 cc. of aleohol and | 
3 ec. of 0.1 N NaOH for 4 hours and titrated back against phenol- 
phthalein. Calculated for 1 equivalent, 0.261 ce.; found, 0.276 — 
ce. 

Attempts to prepare an oxime from this substance were un- 
successful. 

Degradation of the Acid, CoH-e4O3, to the Amine, CiyH20N—1.4 
gm. of the acid, C»H..O;, were covered with 20 ce. of thionyl chlo- 
ride. After standing 30 minutes at room temperature the excess 
reagent was removed in vacuo. The residue was repeatedly concen- 
trated with dry benzene to remove all HCl. During this process 
the acid chloride crystallized as rosettes of fine needles. It was 
dissolved in 40 ec. of dry benzene and the solution was refluxed 
3 hours with 3 gm. of freshly prepared sodium azide. Most of the 
benzene was then removed and 40 ce. of absolute methyl alcohol 
were added to the mixture. This was refluxed for 3 hours and 
after dilution was repeatedly extracted with chloroform. The 
extract was concentrated dry and the residue was heated in a 
sealed tube for 18 hours at 100° with 30 cc. of 25 per cent alcoholic 
KOH solution. After dilution with water the amine was extracted 
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with ether. Since attempts to obtain the free base in crystalline 
form failed, it was isolated as the hydrochloride. For this purpose 
dry HCl was passed into the dry ether solution in excess. The 
gelatinous amine hydrochloride, after collection with dry ether, 
was recrystallized by addition of ether to the solution in absolute 
alcohol. Long, hair-like needles slowly separated. The substance 
melted at 248-250° with charring. 


CisHy»ON-HCl. Calculated. €71.32, H 8.20, Cl 11.09, N 4.38 
Found. “71.51, “ 8.10, “ 10.53, “ (Van Slyke) 4.70 


After treatment with nitrous acid the diazo compound gave no color 
with dye couplers. The attempt to obtain a crystalline hydroxy 
derivative by decomposition of the amine with nitrous acid was 
unsuccessful. 

Tsomonoanhydrostrophanthidin—2 gm. of monoanhydrostro- 
phanthidin were shaken overnight at 20° in 25 cc. of methyl alco- 
hol containing 0.5 gm. of potassium hydroxide. Solution slowly 
occurred. After neutralization with acetic acid, the solution was 
concentrated to dryness under reduced pressure. The residue dis- 
solved completely in water. On acidification with acetic acid a 
gummy precipitate formed followed by gradual crystallization. 
This proved to be still an acid. Even with dilute hydrochloric 
acid the precipitate was at first mostly acid in character. After 
collection it was suspended in acetone and only partly dissolved 
on warming. But the addition of a few drops of dilute hydro- 
chloric acid caused complete solution. On dilution and cooling 
the neutral iso compound separated as lustrous leaflets. It was 
recrystallized from 50 per cent alcohol. The melting point varied 
with different preparations and depended upon the conditions 
under which it crystallized and was probably due to varying 
amounts of solvent. On occasion it softened to a paste at 160- 
165° with slow effervescence and occasionally melted at 200-202°, 
or again at 222°. The substance no longer gave the nitroprusside 
reaction. [a]2” = —178° (c = 1.02in chloroform). For analysis 
it was dried at 110°. 


CsHywO;. Caleulated. C 71.46, H 7.83 
Found. ** 71.61, “* 7.98 


The same substance was obtained, as follows, by hydrolysis of 
the ethylal of oxidoanhydrostrophanthidinie acid. 
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1 gm. of this acid was suspended in 10 cc. of 50 per cent acetic 
acid. When heated on the water bath it rapidly dissolved. After 
a few minutes it was diluted, causing the separation of lustrous 
leaflets. It possessed the same properties as the substance ob- 
tained above. [a]?? = —182° (c = 1.02in chloroform). Found, 
C 70.82; H 7.83. 

The Oxime—This was prepared in the usual way by refluxing the 
above iso derivative in 50 per cent alcoholic solution with hydroxyl- 
amine hydrochloride and sodium acetate. It formed stout needles 
from dilute alcohol, which melted with decomposition at 266—270° 
after preliminary softening. 


CyzH:0;N. Calculated, N 3.50; found, N 3.62 


The Acid, Co3H 300¢-—The aldehyde group of the above isoanhy- ° 
drostrophanthidin was oxidized to carboxyl under the following 
conditions. 

1 gm. of the iso derivative was shaken in 20 cc. of 0.5 Nn NaOH 
until dissolved. The solution was treated with a solution of 0.6 
gm. of KMnQ,. The reagent was fairly promptly used up. The 
filtrate gradually yielded a crystalline precipitate after acidification 
to Congo red and standing. The collected material was suspended 
in 50 per cent acetic acid and warmed to complete lactonization 
of unoxidized material which was found on occasion to escape 
oxidation. After dilution this was collected with water. A sus- 
pension of the resulting mixture in 50 per cent alcohol was treated 
with dilute ammonia. Occasionally neutral material remained 
undissolved which proved to be original isoanhydrostrophanthidin. 

The filtrate on acidification with acetic acid slowly deposited 
the oxidation product as needles and leaflets which were collected 
with 25 per cent aleohol. The acid melted at 287° with effer- 
vescence. 


Co3H 00s. Calculated. C 68.62, H 7.52 
Found. ** 68.70, ‘* 7.66 


0.0673 gm. of substance when titrated with 0.1 N NaOH against 
phenolphthalein required 1.49 ce. Calculated for 1 mole, 1.67 ce. 

After refluxing with excess alkali the additional consumption 
was 1.64 ce. 
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The index of refraction of a protein solution is directly pro- 
portional to its concentration (1). 


Np —- NX, = aXC (1) 


where n,, is the index for the protein solution; n, is the index for 
the solvent; C is the concentration in gm. per 100 ec. of solution; 
and a is a proportionality constant, sometimes called the specific 
refractive increment. 


The proportionality constant has been erroneously considered 


by all authors as being characteristic of the individual proteins. 
Robertson reported that the constant was independent of whether 
acid or alkali were added to the protein solution. He gave a table 
showing the value of this constant for various proteins (2). This 
table has been brought up to date in the International Critical 
Tables. Barker reported 0.00185 as the specific refractive incre- 
ment of ovalbumin. He compared this value with the figure 
to be found in the earlier literature (3). However, as will be 
explained below, it is impossible to compare the two figures since 
Barker did not report the index of refraction of his solvent. Both 
figures may be correct. Adair and Robinson stated that 0.00183 
is the specific refractive increment for horse serum albumin (4). 
They were surprised to find different figures in the literature 
varying from 0.00166 to 0.00201. 

No author up to the present time has stated clearly that the 
constant, a, or specific refractive increment is not characteristic of 
the individual protein nor has any author stated how this value 
should be expected to vary with the refractivity of the solvent. 
It is the purpose of this paper to suggest a possible significance 
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of the constant, a, to account for its variation with the nature of 
the solvent, and to propose a method for reporting refractivity of 
protein solutions which permits a comparison of one protein with 
another. 

Although a is not characteristic of the individual protein, it is 
possible to write Equation 1 in a form in which a characteristic 
constant does appear and which is independent of the refractivity 
of the solvent. If we assume that Equation 1 is valid for solutions 
of all concentrations, we can extrapolate to solutions containing 
only protein. At this point the refractivity of the solution, 
N»ys, WOuld be equal to the refractivity, n,, of the pure protein in 
the dissolved state, and the concentration would equal 133 gm. 
of protein per 100 cc. (density of protein is 1.33). Then, from 
Equation 1, 

Ny — n, = 1334 


and 
t a = (ny — n,)/133 (2) 


It is an experimental fact that a varies with the refractivity of 


the solvent and that the calculated values of n, are independent of 
the solvent in many instances and are characteristic of the in- 
dividual protein. This is supported by all the available data which 
have been collected in Table I. Especial attention is called to 
the variations in a for serum albumin and edestin, and to the 
constancy of n, for these proteins. Although the values for a 
vary greatly from solvent to solvent, the extrapolated figure for 
pure protein in solution, n,, is practically independent of acid, 
alkali, sodium chloride, and ammonium sulfate. However, alcohol 
and acetone actually decrease the refraction of serum globulin, 
increase slightly the refraction of casein, and have no effect on the 
refraction of gliadin. Phenol depresses the refraction of gliadin 
markedly. It is possible that these solvents dehydrate the protein 
so that the refractivity shifts toward that of the dry protein. 
This seems the more likely since dry protein has a different density 
from dissolved protein (5). The values of n, are probably accu- 
rate to +0.01. 

The values for n, decrease in the series serum globulin, serum 
albumin, edestin, casein, ovovitellin. There is seen to be no simple 
relation to molecular weight since edestin has a lower refractivity 
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than the serum proteins. However, the paranuclein produced by 
action of pepsin on casein has a lower n, than casein itself. Rob- 
ertson (18) has shown that during tryptic digestion there is no 
change in refractivity of the solution. This means that n, for 
the products is Jower than n, for the undigested protein, since the 
per cent concentration has increased due to the addition of water. 
Denaturation is accompanied by a change in refractivity so slight 
that it can only be measured with an interferometer (3). The 
change in a with temperature is also very slight (2, 19). 

No physical significance should be attributed to n,. We have 
no data which would justify extrapolation beyond the small range 
of concentrations which have been studied experimentally. The 
fact that n, is a constant characteristic of the protein does not 
prove the validity of the assumption used in deriving Equation 2. 
The value n, is proposed as an empirical convenience for describ- 
ing the rate with which the refraction of protein solutions changes 
with concentration when the refractivity of the solvent is taken 
into consideration. 
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Neither n,, the extrapolated refractivity of the pure protein 
in solution, nor a, the specific refractive increment, should be 
confused with the specific refraction as defined by either the Lorenz 
and Lorentz or Gladstone and Dale equations. Several authors 
have attempted to calculate the refraction of pure protein by the 
use of the Gladstone and Dale equation. This is a difficult 
calculation and open to criticism. Equation 1 can be interpreted 
to mean that the index of refraction of a protein solution is the 
arithmetical mean of the indices for the components. If the 
indices of refraction are additive, the specific refractions cannot be 
exactly additive since the densities are known to be proportional 
to concentration. 


I wish to express my appreciation of the valuable advice and 
criticism given me by Professor J. B. Sumner. 


SUMMARY 


1. A method is proposed for describing the refractivity of 
proteins, which permits comparison of one protein with another. 
2. All the available data on proteins have been compiled. 
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2 years ago, when the work reported in this paper was initiated, 
very little was known about the chemistry of vitamin B.. Many 
conflicting results had been published concerning the solubility 
and the heat stability of this factor (1). Guha (2) had studied a 
number of its chemical properties and concluded that the vitamin 
is not an acid, a base, or a peptide, but is a neutral substance. 

More recently Hogan and Richardson (3) found vitamin B, to be 
destroyed by ultra-violet light. Halliday (4) studied the stability 
of vitamin B,, as contained in protein-free milk, to heat at different 
H ion concentrations. Levene (5) described a method for making 
a concentrate from brewers’ yeast. 

The most interesting studies have been those dealing with the 
relation of flavins to vitamin B,. The isolation and composition 
of flavins have been studied by Ellinger and Koschara (6), Kuhn 
and coworkers (7), Warburg and Christian (8), Karrer, Salomon, 
and Schépp (9), and Stern (10). According to these workers the 
flavins isolated from egg white, whey, liver, and yeast are very 
similar if not identical and have a formula C;;HyoN,Os. All 
these workers speak of the vitamin B, activity of flavins. 
Gyérgy, Kuhn, and Wagner-Jauregg (11), using the Bourquin- 
Sherman diet supplemented with vitamins B, and By, found 5 
micrograms of lactoflavin necessary per rat per day for a weight 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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increase of 40 gm. in 4 weeks. Kuhn (12) concludes that crystal- 
lized lactoflavin is the most active preparation of vitamin B, 
hitherto obtained. Karrer and von Euler (13) describe an active 
flavin from liver which gave good growth on a vitamin B,-deficient 
ration when supplemented with a vitamin B,-free malt extract. 
Booher (14) has described a preparation from milk similar to the 
flavins and which has vitamin B, activity in doses of about 1 mg. 
daily per rat. 

Rats placed on purified diets have been used almost exclusively 
for the determination of the potency of vitamin B, preparations. 
Although all workers have attempted to produce dermatitis in the 
rat, varying degrees of success have been encountered (reviewed 
by Hogan and Richardson (3)), and weight records have gen- 
erally been resorted to. Since Kline, Keenan, Elvehjem, and 
Hart (15) have described a method for the production of definite 
symptoms of pellagra in the chick, we were interested in attempt- 
ing the isolation of vitamin B, with use of the chick for assay work. 
The results to date are being reported in this paper. Our efforts 
were influenced to a large extent by the work on the flavins, and 
we have therefore divided the paper into three parts: the work 
done before our knowledge of Kuhn’s work, the work with flavins, 
and the studies made after it was evident that flavins and vitamin 
B, were not identical. 


EXPERIMENTAL 


Biological Assay—Ration 240-H described by Kline, Keenan, 
Elvehjem, and Hart (15) was used as the basal ration. Chicks 
placed on this ration develop severe pellagra in 3 to 4 weeks. The 
various fractions to be assayed were dissolved in a suitable solvent, 
poured over the ration, and dried for 2 hours at 65°. Protection 
against pellagra in the chick and normal growth for a 5 week 
period was taken as proof that the fraction was potent at the level 
fed. 

Sources of Vitamin—Most of our work has been done with com- 
mercial liver extract! (pernicious anemia fraction) and with an 
extract prepared in the laboratory from autolyzed liver. The 


1 We are indebted to Dr. H. W. Rhodehamel of Eli Lilly and Company, 
Dr. C. Nielsen of the Abbott Laboratories, and Dr. David Klein of The 
Wilson Laboratories, who kindly supplied us with liver extract. 
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commercial liver extract is the easiest to work with, but since we 
found the liver residue left after the preparation of commercial 
extracts to contain considerable vitamin B, activity, we hoped to 
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increase our yield by using the original liver. However, owing to 
the difficulty in obtaining a definite separation of the autolysate 
from the residue, complete recovery of the vitamin was not 


possible. 
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The liver extract was assayed at 0.6, 0.8, 1.0, and 1.4 per cent 
levels. None of the chicks on these levels developed pellagra 
(see Table I). The 0.8 per cent level was selected as having a 
good margin, and in the following experiments this level was used 
unless otherwise specified. 

The fresh and autolyzed liver were assayed at levels equivalent 
to 2 and 4 per cent of the fresh liver. For assay 1200 gm. of 
fresh pork liver were ground finely and divided into two portions. 
One portion (600 gm.) was mixed with 3 liters of 0.1 N hydrochloric 
acid and 100 ce. of chloroform and allowed to incubate at 37° for 
10 days. The other portion was placed in cold storage until used. 
The autolyzed and the fresh liver were then mixed with Ration 
240-H at the proper levels, dried, and fed to the chicks. The 
results in Table I show that neither 2 per cent of whole liver nor 
autolyzed liver was sufficient to protect against pellagra. 4 per 
cent of whole liver prevented pellagra and allowed normal growth. 
The group receiving 4 per cent autolyzed liver showed slight signs 
of pellagra and two of the animals died, but this may have been 
due to retarded appetite on this fraction. The amount of destruc- 
tion of the vitamin due to autolysis was therefore very small. 


Part I 
Solubility of Vitamin 


In Ethyl Alcohol—100 gm. of liver extract were dissolved in 200 
ec. of distilled water. 95 per cent ethanol was added until the 
alcohol concentration reached 80 per cent. The supernatant 
liquid was decanted from.the gummy precipitate and the precipi- 
tate washed with 80 per cent alcohol. The two fractions were 
assayed at levels equivalent to 0.8 per cent of the original liver 
extract. The chicks fed the precipitate all showed symptoms of 
pellagra and a marked decline in growth at the end of the 3rd 
week. Those on the filtrate were protected and grew normally 
(Table I). When the alcohol concentration was increased to 85 
and 90 per cent, the filtrates still contained all the activity. The 
separation with 95 per cent alcohol was not so definite. Both 
groups grew at about the same rate indicating a division between 
the two fractions. One chick on the extract showed slight signs 
of pellagra. These results demonstrate clearly that vitamin B, 
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is soluble in concentrations of alcohol as high as 90 per cent and 
that high concentrations of aleohol do not have a destructive 
action on this vitamin. 

Ethyl Ether—20 gm. of liver extract were dissolved in 40 cc. of 
distilled water and extracted by shaking with three portions of 
ether. When the combined extracts were dried on the ration and 
fed at a level equivalent to 0.8 per cent, the chicks developed 
pellagra and died (Table I). 

Alcohol-Ether-Water Mixture—100 gm. of liver extract were dis- 
solved in 200 cc. of water, and 1 liter of 95 per cent ethanol and 
1200 cc. of ethyl ether were added with constant stirring, the pre- 
cipitate allowed to settle, and the supernatant liquid decanted. 
The precipitate was washed with three portions of a mixture com- 
posed of 50 parts of ether, 40 parts of alcohol, and 10 parts of water. 
Both the precipitate and the yellow-green fluorescent filtrate were 
fed at levels equivalent to 1 per cent of the liver extract. The 
filtrate was active and the precipitate inactive (Table I). 

Other Solvents—A number of other solvents were used, but it is 
only necessary to mention that the vitamin was found to be soluble 
in amy! alcohol and insoluble in chloroform. 

Precipitation Reactions 

100 gm. of liver extract were dissolved in 200 ce. of water, 1 
liter of aleohol and 1200 ce. of ether were added, and the precipi- 
tate was filtered off and washed. The combined filtrate and 
washings were concentrated to 200 cc. to remove most of the alco- 
hol and ether and diluted with water to 500 ce. This solution 
served as a stock solution for the precipitation reactions. Pre- 
cipitates were formed by addition of AgNO; in acid solution and 
by phosphotungstic acid respectively. The silver was removed 
from both the filtrate and precipitate with HCl and the phos- 
photungstate ion with barium. The purified precipitates and 
filtrates were fed at levels equivalent to 1 per cent liver extract. 
In all four cases the fractions were inactive (Table I). The vita- 
min was undoubtedly adsorbed on the precipitates of AgCl and 
barium phosphotungstate. These results together with those 
obtained with other precipitating agents indicate that precipitation 
reactions are highly unsatisfactory for the concentration of the 
vitamin. No precipitates were formed when the stock solution 
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was treated with lead acetate, copper sulfate, sodium dichromate, 
sodium ferricyanide, trichloroacetic acid, picric acid, or upon 
half saturation or complete saturation with ammonium sulfate. 


Concentration of Vitamin by Means of Solvents 


100 gm. portions of liver extract were treated with water, alcohol, 
and ether as already described. The filtrate was concentrated 
in vacuo at 40° to a volume of 100 cc., whereupon a light flocculent 


TasBie II 


Vitamin B, Activity of Fractions Prepared from Liver Extract by Fractional 
Precipitation with Organic Solvents 
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tan-colored precipitate came down. The precipitate was filtered 
off and washed with acetone. The acetone washings were pre- 
served separately. The filtrate, Fraction B, was found to contain 
the vitamin and the precipitate, Fraction C, was inactive. The 
assays are given in Table II, and Fraction A, the original liver 
extract, is included for comparison. 

The concentration of the filtrate was continued until the volume 
was reduced to 35 ce., when a light brown mucilaginous precipitate 
came down which was water-soluble. The precipitate was filtered 
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off and washed with acetone. Again the filtrate, Fraction E, was 
active and the precipitate, Fraction D, was inactive. The active 
filtrate was shaken with 10 volumes of acetone, whereupon three 
phases separated out, a white flocculent precipitate, Fraction F, 
which was very soluble in water and proved to be inactive, a dark 
red-green fluorescent layer, Fraction G, immiscible with acetone 
and inactive, and the yellow-green fluorescent acetone solution, 
Fraction H, which proved to be active. Fractions F and G were 
washed with acetone and the washings combined with those from 
Fractions C and D and added to acetone-soluble Fraction H. 
The solution was freed from acetone by vacuum distillation and 
the concentrate extracted with five portions of ether. The com- 
bined ether extracts were freed from ether, leaving a yellow pig- 
ment which was insoluble in water but soluble in alcohol, Fraction 
I. This fraction was inactive biologically. The water-soluble, 
strongly yellow-green fluorescent Fraction J, which still retained 
the activity, was aerated to remove the ether and extracted with 
isoamy! alcohol. The isoamy! alcohol-insoluble Fraction K was 
inactive. The alcohol-soluble Fraction L was not assayed, but 
when the alcohol was removed from the fluorescent pigment in 
vacuo and the residue was extracted with water there remained an 
insoluble residue, Fraction N, which was inactive and the soluble 
Fraction M which proved active. This yellow-green fluorescent 
solution protected the chicks against pellagra and produced good 
growth when fed at a level equivalent to 2.0 per cent of the original 
liver extract, which demonstrates that at least one-half of the total 
activity had been concentrated in this fraction. 


Stability of Vitamin to Visible Light 


During the preparation of certain of the fractions in the pre- 
ceding outline a definite fading in the degree of fluorescence was 
observed. The exposure of the preparations to direct light was 
eliminated as much as possible but we were interested to deter- 
mine whether the fading of the color indicated a reduced activity 
of the vitamin. Another batch of liver extract was carried through 
the water-alcohol-ether stage and the filtrate divided into four 
parts. 

Portion I was placed in a 600 ce. bottle and exposed for 1 hour 
to the direct rays of the noon sun. Portion II was first freed from 
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dissolved air by vigorously bubbling nitrogen gas through the 
solution for 10 minutes in the dark before exposing to the sunlight. 
Portion III was exposed for 1 hour to strong artificial light. Por- 
tion IV was not exposed to light. 

The green fluorescence disappeared in the two samples exposed 
to sunlight, but it was retained in the sample exposed to artificial 
light. According to recent work the flavins present were evi- 
dently not transformed to the lumiflavin because our solutions 
were neutral and the production of lumiflavin by light requires 
an alkaline reaction. However, the flavin was probably converted 
to the deutero flavin described by Kuhn et al. (16) or the lumi- 
chrome described by Karrer et al. (17). 


Tasie III 
Stability of Vitamin B,, in Liver Extract Concentrate, to Light 
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Aliquots of the four fractions were added to Ration 240-H so 
that the preparations supplied the vitamin B, equivalent to 1.0 
per cent of the original liver extract. One contro] group was fed 
the basal diet alone. All the chicks in the control group developed 
very severe pellagra (Table III), while those in the other four 
groups grew normally and showed no pellagra, with the exception 
of one slight case in the group given Portion III and one in the 
group on Portion IV. It is evident therefore that there was no 
difference in the vitamin content of the solutions retaining their 
fluorescence and those in which the fluorescence disappeared. 


Part II 


While we were at work on the preparation of these fluorescent 
solutions exhibiting vitamin B, activity (March, 1933), the first 
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paper by Kuhn, Gyérgy, and Wagner-Jauregg (7) on ovoflavin 
and the vitamin B, activity of this pigment was published. We 
therefore attempted to incorporate part of the method used by 
these workers into our procedure. 


Concentration of Flavins from Liver 


9 kilos of fresh, ground pork liver were mixed with 27 liters of 
0.1 n hydrochloric acid and 500 cc. of chloroform in a 50 liter 
fermentation flask, and incubated for 10 days at 37°. The mixture 
was stirred daily for the first 7 days. At the end of 10 days, the 
supernatant liquid was siphoned off and filtered. 5 gallons of the 
filtrate were placed in a 6 gallon jar, 1 liter of concentrated hydro- 
chloric acid and 200 gm. of fullers’ earth added, and the mixture 
stirred for 14 hours with a mechanical stirrer. The mixture was 
allowed to settle overnight and the supernatant liquid siphoned 
off. The fullers’ earth was drained on a filter paper and washed 
three times by suspending in liter portions of distilled water and 
filtering. 

The flavin was eluted from the fullers’ earth by shaking it in a 
4 liter brown bottle with a mixture of 1 liter of distilled water, 250 
ce. of pyridine, and 250 cc. of methyl alcohol for 1} hours in a 
mechanical shaker. The fullers’ earth was removed by centrifug- 
ing. The yellow-green fluorescent centrifugate was concentrated 
in vacuo at 40° to 100 cc. The suspended fullers’ earth which 
had precipitated was removed by filtration and the concentration 
continued to a volume of 20 ce. The concentrate was treated with 
500 ce. of acetone, and after several hours the precipitate was 
filtered off and washed with acetone. The combined washings 
and filtrate were concentrated to 10 cc. and extracted three times 
with ether. The concentration was then continued to dryness 
and the residue taken up in the minimum amount of hot water. 
The solution was cooled until the flocculent orange precipitate 
was formed. After reprecipitating five times and washing with 
absolute ethanol and ether, 48 mg. of orange powder were ob- 
tained. The powder gave a brilliant yellow-green fluorescence in 
water. 

For assay the powder was dissolved in water at such concentra- 
tion that 1 cc. contained 0.2 mg. Chicks receiving the basal 
Ration 240-H were fed 0.5 cc. of the solution daily by pipette. 
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The results are given in Table IV and show that 0.1 mg. of the 
flavin concentrate daily was inactive in preventing pellagra in 
chicks. When twice the amount of the preparation was fed, the 
chicks showed no improvement. Although our preparation prob- 
ably was not pure flavin, 200 micrograms daily should have been 
sufficient since Gyérgy, Kuhn, and Wagner-Jauregg (11) found 5 
micrograms per day sufficient for growth in rats. The preparation 
was much richer in the fluorescent material than the preparation 
made by solvents alone, which showed high vitamin activity. We 


TaBie IV 


Vitamin B, Activity of Flavin, Lumiflavin, and Flavin-Free Fractions from 
Liver and Liver Extract 


























No. of | No.of | Time | No of | Aver- 
Supplement ga = devel- pom) A. 1 weight 
NO. | experi- —_— wt ing at 
ment lagra | lagra 5 wks. | 5 wks. 
wks. gm. 
Flavin concentrate from liver... . 3 4 4 3 3 130 
Lumiflavin concentrate from 
ee oe an opie ais 8 3 3 3 3 100 
II dn cscs co oc ceases 6 2 2 3 2 135 
Concentrate from liver extract = 
2% : 
Fraction A, flavin............. 79 10 10 3 2 150 
<g B, carbohydrate... ... 12 6 3 4 3 125 
“i C, lumiflavin......... 9 5 5 3 2 130 
2s D, fullers’ earth.... 80 4 4 3 3 120 
* E, after adsorption...| 78 4 0 4 245 
No supplement...................| 77 4 4) 3 2 105 





have also found that a concentrate of lactoflavin prepared from 
whey powder was likewise inactive in the prevention of pellagra. 


Preparation ef Lumiflavin 
Lumiflavin was also prepared from liver and tested for vitamin 
B, activity. 20 pounds of liver were autolyzed, the hepatoflavin 
adsorbed on fullers’ earth, and eiuted as in the preceding proce- 
dure. The centrifugate was decanted from the fullers’ earth and 
concentrated in vacuo at 40° to 100 cc. This solution was diluted 
to 1 liter with distilled water. The solution was cooled to 0° and 
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38 ec. of iced 13 N NaOH were added. This solution was illu- 
minated by placing it in a 2 liter Erlenmeyer flask surrounded by 
circulating ice water contained in a glass bath through the bottom 
of which passed the light from a 150 watt metal filament light 
bulb enclosed in a reflector. The flavin solution was stirred by a 
gentle stream of air and illuminated for 2 hours, the temperature 
of the solution being kept below 7°. The solution was then acidi- 
fied with 62 cc. of 8 Nn HCl and the lumiflavin removed by re- 
peated extractions with chloroform. The pigment was then 
shaken into dilute alkali, acidified, and extracted several times with 
ether. The lumiflavin was again shaken into chloroform and the 
solution taken down to dryness in vacuo. The pigment was dis- 
solved in the least amount of 0.1 Nn NaOH, acidified to Congo red 
with HCl, placed in a crystallizing dish, and concentrated in a 
vacuum desiccator. The lumiflavin crystallized out in long 
needles which were filtered on a platinum crucible. The yield was 
3.3 mg. from 20 pounds of liver. 

The lumiflavin was dissolved in 6 ec. of 0.1 nN NaOH, neutralized 
with HCI, and diluted with distilled water until each cc. contained 
0.4 mg. 0.5 ce. of this solution was administered daily by pipette 
to chickens receiving basal Ration 240-H. Two chicks were 
given the same amount per day intraperitoneally. All of the 
chickens developed pellagra at the end of the 3rd week (Table IV). 


Distribution of Vitamin B, during Adsorption 


Since vitamin activity disappeared in the flavin concentrates 
as soon as the fullers’ earth adsorption procedure was used, further 
studies were made on the less purified fractions to determine 
where the activity was lost. Liver extract was used again for the 
source of the vitamin to eliminate any possible effect of autolysis on 
the isolation of the vitamin. 100 gm. of liver extract were carried 
through the water-alcohol-ether stage as before and the filtrate 
treated with 140 ec. of HCl. The solution was shaken with 50 
gm. of fullers’ earth for 1 hour. The fullers’ earth was allowed to 
settle out, the supernatant liquid siphoned off, and the earth 
washed with 1 liter of aleohol and two 1 liter portions of water. 

The flavin was eluted by shaking for 1 hour with 250 ce. of 
water, 65 cc. of pyridine, and 65 cc. of methanol. The fullers’ 
earth was removed in the usual way, the solution freed from pyri- 
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dine and methanol by vacuum distillation, and the clear filtrate 
diluted to 200 ce. This brilliantly yellow-green fluorescent solu- 
tion could be completely decolorized by the addition of sodium 
hydrosulfite and reoxidized to the pigment by shaking with air. 
When the pigment was reduced in a strongly acid solution the red 
intermediate compound described by Kuhn and Wagner-Jauregg 
(18) and Stern (19) was observed. 100 cc. were set aside for 
assay (Fraction A), the other portion was irradiated in alkaline 


Fic. 1. Photograph illustrating the inactivity of flavins in the pre- 
vention of pellagra in chicks and the activity of the concentrate remaining 
after adsorption of the flavins on fullers’ earth. Chick 78-4 (at left) from 
Group 78 (Table IV) received the basal ration plus the filtrate after fullers’ 
earth adsorption equivalent to 2 per cent liver extract, weighed 235 gm. 
when the photograph was taken (4 weeks old), and was normal in every way. 
Chick 79-2 (at right) from Group 79 (Table IV) received the flavin fraction 
equivalent to 2 per cent liver extract, weighed 75 gm. at the same age, 
and showed severe symptoms of pellagra. 


solution to produce the lumiflavin. The aqueous residue con- 
taining the carbohydrate part of the flavin molecule, Fraction B, 
was neutralized and assayed, the chloroform solution was diluted 
with water, and the chloroform removed before assay, Fraction C. 
All these fractions were fed at a level equivalent to 2 per cent of the 
original liver extract. All these groups (Table IV) showed very 
severe symptoms of pellagra. When the various fractions were 
fed at higher levels there was no improvement. When the fullers’ 
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earth from which the flavin had been eluted was fed on an equiva- 
lent basis, it also failed to show any activity, Fraction D. 

The complete inactivity of all the material removed by fullers’ 
earth forced us to return to the filtrate remaining after the ad- 
sorption. The solution was neutralized, Fraction E, and added to 
Ration 240-H at a level to supply 2 per éent liver extract. The 
chicks (Table IV) were protected from pellagra and grew normally. 
In Fig. 1 is presented a photograph of one of the chicks receiving 
this fraction. For comparison another chick receiving the flavin 
fraction prepared from the same liver extract is included in the 
photograph. It is readily evident that the flavin fraction gave no 
protection, while the solution after adsorption was highly active. 
This then explained the discrepancy in the results between our 
method with solvents and Kuhn’s method with adsorption. In 
our procedure the vitamin B, and a portion of the flavin were 
concentrated together but when fullers’ earth was used, the flavin 
was adsorbed and the vitamin remained behind. 


Part III 
Preparation of Vitamin B, Concentrates Free from Flavin 


By Removal of Flavin Through Adsorption—The preceding ex- 
periment demonstrated that the vitamin B, activity remained in a 
concentrate from liver extract after adsorption with fullers’ earth. 
This separation may be open to the criticism that the fullers’ 
earth did not remove the flavin completely and a small amount 
of the remaining flavin may have been responsible for the activity 
observed. In order to demonstrate that this was not the case, the 
solution after adsorption was neutralized and concentrated to 20 
ce. The precipitate formed was filtered off and the filtrate con- 
centrated further to 10 cc. and treated with 250 cc. of acetone. 
A heavy precipitate was formed which after being allowed to 
settle for 4 hours was filtered off and washed with acetone. The 
combined filtrate and washings were concentrated to 5 cc., treated 
with another 250 cc. of acetone, and the precipitate removed. 
The filtrate was concentrated to 5 ce., extracted with ether, and 
with four portions of amyl alcohol. The alcohol fraction was 
treated with an equal volume of water and the alcohol removed by 
vacuum distillation. The remaining solution was practically de- 
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void of color and fluorescence, yet it was highly active when fed to 
chicks on Ration 240-H (Group 92, Table V). This demonstrates 
without doubt the non-identity of vitamin B, and the flavin present in 
liver. 

By Destruction of Flavin Through Irradiation—Another sepa- 
ration was accomplished depending upon the fact that lumiflavin 
is chloroform-soluble and the vitamin insoluble in this solvent. 
The amy! alcohol fraction described in Part I of the paper 
was used as the source of the vitamin and flavin. The solution 
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was concentrated in vacuo to almost dryness, distilled water added, 
and the concentration continued until all the alcohol was removed. 
The aqueous solution was diluted to 50 ec. and cooled to 0° in an 
ice bath. 5 ec. of 10 per cent NaOH were added and the solution 
irradiated for 3 hours as previously described. The solution was 
made distinctly acid to Congo red paper with HC! and the lumi- 
flavin removed by extraction with chloroform. The aqueous 
solution was neutralized, poured over the ration, dried for 1 hour 
at 65°, and fed at levels equivalent to 3 and 4 per cent liver 
extract. These fractions from which the flavins had been re- 
moved still retained the vitamin B, activity (Group 83, Table V). 
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Reaction of Vitamin B, towards Acids and Bases 


The amyl alcohol fraction described in Part I was used as the 
source of the vitamin for these reactions. 40 cc. of the amyl 
alcohol fraction equivalent to 40 gm. of liver extract were extracted 
once with 40 cc. of 1.0 per cent NaOH. The two phases were 
separated and assayed at a level equivalent to 2.0 per cent liver 
extract. The chicks receiving the alkaline extract appeared 
normal in all respects. Those on the alcoholic residue all de- 
veloped pellagra (Groups 75 and 76, Table V). 

When the amy! alcohol fraction was treated in a like manner 
with one portion of 1.0 per cent HCl, most of the activity remained 
in the alcohol fraction. However, when the alcohol fraction was 
extracted four times with 1.0 per cent acid, the vitamin B, activity 
was found to be in the acid extract (Table V, Groups 73, 74, 88, 
and 87). 

Since a single alkaline extraction of the amyl alcohol fraction 
removes all the vitamin, whereas it takes four acid extractions to 
do the same, it appears that the vitamin is held in the alkaline 
solution by chemical affinity, while in the case of the acid extrac- 
tion, the vitamin distributes itself between the two phases accord- 
ing to its solubility in water and amy! alcohol. 


Concentration of Vitamin B, (Modified and Extended) 


For this procedure liver extract paste in the form of a very thick 
syrup was used. This paste was assayed and found active at a 
1.0 per cent level (Group 86, Table V). 

400 gm. of the paste were dissolved in 400 cc. of distilled water 
and 4 liters of ethyl alcohol and 4800 cc. of ether were added. 
The solution was allowed to stand overnight and the supernatant 
liquid was then decanted from the gummy precipitate. This pre- 
cipitate was washed with 1 liter of solution containing 40 per cent 
alcohol, 50 per cent ether, and 10 per cent water. The combined 
filtrate and washings were concentrated in vacuo at 40° to 80 cc., 
whereupon a precipitate formed which was filtered off. The 
filtrate was treated with 2 liters of acetone and the heavy pre- 
cipitate formed was shaken vigorously in the supernatant liquid 
until a light flocculent precipitate was formed. After being 
allowed to stand overnight, the solution was filtered and the pre- 
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cipitate washed with acetone. The combined filtrate and wash- 
ings were concentrated to 40 cc. and extracted four times with 
ether. 800 cc. of acetone were added and, upon standing for 6 
hours, a thin film of highly pigmented material was deposited on 
the sides of the flask, from which the clear solution was decanted. 
This solution was concentrated in vacuo to 25 cc. and extracted 
four times with amyl alcohol. The amyl alcohol solution was con- 
centrated to 60 cc. and extracted five times with 25 cc. portions of 
1.0 per cent HCl. The acid solution was neutralized, concen- 
trated to 60 cc., and fed at a level equivalent to 3 per cent liver 
paste (Group 95, Table V). This concentrate proved to be highly 
active. Although the amount of solid matter in this concentrate 
was very small, we do not wish to make any statement about the 
activity per unit weight of solid matter until further purification 
is attained. 
DISCUSSION 


It is interesting to review some of the recent work on vitamin 
B, and the flavins in light of the facts established in this paper. 
Although several workers have concluded that vitamin B, is in- 
soluble in higher concentrations of alcohol, there is no indication 
in our results that this is the case until a concentration of 95 per 
cent is reached. The source of the vitamin may have considerable 
effect upon alcohol solubility because some materials may contain 
inert compounds which are insoluble in alcohol and upon which the 
vitamin may be adsorbed. However, some of the results pub- 
lished are undoubtedly erroneous due to the methods used for 
assay. 

The difficulties which we encountered in the use of precipitating 
reagents for the separation of the vitamin have also been observed 
by Guha and Chakravorty (20). Fractional precipitation with 
solvents proved to be very useful in the case of this vitamin. 
Booher (14) also favors the use of a procedure of this kind. 

The very definite separation of the flavin fraction and the 
fraction showing vitamin B, activity leads us to conclude that 
flavins should not be associated with the antipellagric factor. 
Since we have used symptoms of pellagra in our experimental 
animals, there should be no question but that we are dealing with 
the classical antipellagric vitamin B,. This does not mean that 
flavins are not essential in nutrition or that they do not play an 
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important physiological réle, but they cannot be classified as 
vitamin B, since they are inactive in the cure of pellagra. 

A study of the literature reveals that many difficulties have been 
encountered in attempts to demonstrate the vitamin B, activity 
of flavins. In spite of the inconsistent results, the final con- 
clusion has generally been that the flavins were identical with 
vitamin B, or at least a constituent of the vitamin B complex. 
Most of the difficulties have been due to the fact that the activity 
was based upon growth-promoting properties rather than the 
ability to prevent or cure pellagra. In one of the earlier papers by 
Kuhn and coworkers (7), results are given which show that ovo- 
flavin had very little growth-promoting property on the Borquin- 
Sherman vitamin B,-low ration until an extract of yeast treated 
with fullers’ earth was added. According to our results the residue 
after a yeast extract was treated with fullers’ earth might be an 
excellent source of vitamin B,. Later work by Gyérgy, Kuhn, 
and Wagner-Jauregg (11) showed that the Borquin-Sherman diet 
was low in vitamin B, and that when this factor was added lacto- 
flavin had a strong effect on growth even in doses of 5 micrograms 
daily. 

In a more recent paper Gyérgy (21) describes the production of 
pellagra-like skin changes in rats when fed the vitamin B,-free 
diet of Borquin and Sherman plus a preparation of vitamin B, and 
vitamin B, (?) (flavin). The addition of lactoflavin even in- 
tensified the symptoms of pellagra. These results are similar to 
those observed in our laboratory. The chicks receiving the flavin 
fraction developed pellagra earlier and showed a more severe 
pellagric condition than those on the basal ration. In spite of 
these results Gyérgy prefers to continue to use vitamin B, for 
flavins and introduce a new term, vitamin Bg, for the antipellagric 
factor. We are opposed to this suggestion and wish to retain 
vitamin B, for the antipellagric factor which we have separated 
from the flavins. The classification of the flavins must remain 
unsettled until more is known about their réle in nutrition. 
Gyorgy states that the flavin cures a certain type of skin changes 
in the rat. He must first demonstrate that he has supplied a 
sufficient amount of the classical vitamin B, before he can study 
the action of flavins on skin changes. 

Von Euler, Karrer, and Adler (22), and Kuhn (23) have been 
unable to demonstrate satisfactorily the growth-promoting action 
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of ovoflavin. Von Euler ef al. (22) found variable results with 
pure lactoflavin preparations. However, these workers explain the 
variations upon existence of different flavins which are more readily 
differentiated biologically than chemically. It is impossible to 
attempt to explain the results of these various workers, but this 
short survey is sufficient to make it questionable if any of them 
have demonstrated the vitamin B, activity of flavins. 

An abstract (24) of a paper on the relation of the lyochromes to 
vitamin B, given by Chick and Copping before tne Biochemical 
Society in England has also become available. They tested the 
biological activity of crystalline flavins from milk and liver in 
rats on a basal diet complete except for vitamin B, in which 
vitamins B, and B, were furnished by a purified concentrate pre- 
pared from brewers’ yeast by Peters’ method. Doses as high as 
50 micrograms of the flavin daily gave only a subnormal degree 
of growth and a very irregular effect on the pathological skin 
lesions. They found, however, that when the flavin was sup- 
plemented with a yeast extract in which the B, and B, vitamins 
had been removed by adsorption on fullers’ earth or destroyed by 
heating at 120° for 5 hours at pH 9.0, complete vitamin B, activity 
was demonstrated. Here again the yeast extract treated with 
fullers’ earth was undoubtedly furnishing the classical vitamin Bp. 
We do not wish to suggest, until further assays can be made, that 
the autoclaved yeast extract also supplied enough vitamin B, 
to take care of the deficiency, but this suggestion is not entirely 
improbable. 

In a still more recent paper von Euler, Karrer, Adler, and 
Malmberg (25) report that ovoflavin was active in promoting 
growth on the Borquin-Sherman diet when supplemented with 
yeast extract from which all but a negligible quantity of flavins 
were removed by adsorption on frankonite. They suggest, as do 
Chick and Copping, that this supplement contains besides vitamin 
B, an additional factor similar to Factor Y originally described by 
Chick and Copping (26). It is more probable that this fraction 
supplies the classical vitamin B,. In the same paper results are 
presented to show that the concentration of flavins in such 
materials as eggs, yeast, etc., does not correspond with the growth- 
promoting power of these materials when fed to rats on the basal 
vitamin B,-low ration. This is further evidence for the non- 
identity of the vitamin and flavin. 











C. A. Elvehjem and C. J. Koehn, Jr. 727 





Thus we are unable to find in the literature any decisive evidence 
; which would prevent us from concluding from the facts established 
in this paper that vitamin B, is a chemical entity separate and dis- 
. tinct from the flavins. Although we have prepared highly active 
concentrates, we wish to continue the purification before any 
suggestion of composition or activity of the solid matter is made. 


SUMMARY 


1. The vitamin B, content of commercial liver extract and fresh 
and autolyzed liver has been determined with the chick as the 
experimental animal. 

2. Vitamin B, as contained in liver extract is readily soluble in 
concentrations of ethyl alcohol less than 95 per cent. With 95 
per cent alcohol there is a partition of the vitamin between filtrate 
and precipitate. 

3. The vitamin is insoluble in ether and chloroform but soluble 
in amyl alcohol. Precipitating agents such as silver nitrate and 
phosphotungstic acid gave unsatisfactory results because the 
vitamin failed to appear either in the filtrate or precipitate after 
the silver or phosphotungstate had been removed in the usual 
manner. 

4. A yellow-green fluorescent fraction with high vitamin B, 
activity was prepared from liver extract by fractional precipitation 
with solvents such as ether, alcohol, and acetone, and final ex- 
traction with amy! alcohol. 

5. The vitamin B, activity of a crude concentrate from liver 
extract was not destroyed by exposure to sunlight, or artificial light 
at the natural pH, although the fluorescence disappeared in the 
solution exposed to sunlight. 

6. Concentrates rich in flavins or lumiflavin from autolyzed 
liver and liver extract proved completely inactive in the prevention 
of pellagra in chicks. The animals receiving the basal ration plus 
the flavins showed more severe symptoms of pellagra than those 
on the basal ration alone. 

7. A partially purified fraction from liver extract retained its 
vitamin B, activity after the flavins were removed by adsorption 
on fullers’ earth. Upon further purification a practically colorless 
concentrate was obtained which was highly active in the prevention 
of pellagra. In another fraction the flavin was removed by con- 
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verting it to the lumiflavin and extraction with chloroform with- 
out reducing the vitamin B, activity appreciably. 
8. The vitamin is more readily extracted from amyl alcohol 
with an alkaline aqueous solution than with an acidic solution. 
9. Vitamin B, is a chemical entity separate and distinct from 
hepatoflavin. 
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In the application of the methods of organic chemistry to bio- 
chemical problems the preparation of pure substances is a first 
necessity. The separation of organic bases and ampholytes from 
mixtures usually is difficult because of the lack of specifie precipi- 
tating agents for the various components. Kossel, in 1924 (1-3), 
while searching for specific precipitants, found that flavianic 
acid (2,4-dinitronaphthol-7-sulfonic acid) formed salts with many 
bases, which salts were sparingly soluble in water and in alcohol. 
He developed a procedure for the separation of arginine from pro- 
tein hydrolysates by use of this reagent. Since that time, flavianic 
acid has been used by several investigators for the isolation of 
bases, and a number of salts have been described (2-4). It seems 
that flavianie acid may serve well for the preparation and char- 
acterization of new basic and amphoteric substances. 

The use of flavianie acid for the fractionation of mixtures has 
certain disadvantages. Only a limited number of flavianates has 
been described, and their solubilities in various solvents have been 
little studied. Many of the salts melt with decomposition, and 
the melting points do not serve well to characterize certain of them. 
Mixtures are often obtained and separation of the components 
may be difficult. Its use has the great advantage, however, that 
many flavianates crystallize from ordinary solvents. The flavianic 
acid can be separated from the precipitated base by one of three 
methods: precipitation of the flavianic acid as the barium salt 
and adsorption upon charcoal of the small amount remaining in 
solution (4), acidification of the solution and extraction of the 
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flavianic acid by use of an organic solvent (5), and adsorption of 
the flavianic acid upon wool (6). 

For analysis of flavianic acid, the sulfur and nitrogen contents 
are determined. Because the nitrogen is in nitro form, it is deter- 
mined by the Dumas method. 

It has been our desire to identify certain extractives of muscle. 
For this purpose we have sought for a more simple procedure by 
which the flavianic acid content of a flavianate could be deter- 
mined, and for a ready means of identifying a flavianate when a 
few mg. only are available. The procedures which are described 
below have served these purposes. A colorimetric estimation of 
flavianic acid can be made in a few minutes upon as little as 1 mg. 
of material. A microscopic examination of a flavianate with 
polarized light gives data which identify the substance, once its 
optical constants have been determined. We have tested the 
procedures in isolation studies, and have found them satisfactory 
and useful, both for identifying known compounds and for detect- 
ing new substances in complicated mixtures. 


Determination of Flavianic Acid 


When flavianic acid is reduced by a metal in acid solution in the 
absence of oxygen, it becomes colorless. If air is blown into the 
colorless solution, it becomes orange-red. Probably a quinone is 
formed. The amount of color produced is proportional to the 
amount of flavianic acid. 

Flavianie acid may be recrystallized from aqueous solution in 
the presence of mineral acid. Because there usually is some un- 
certainty about the degree of contamination of the recrystallized 
substance with the mineral acid, flavianic acid is not suitable as a 
standard for comparison in colorimetric work. We have used for 
such a standard the flavianate of hydroxylamine, prepared from 
hydroxylamine sulfate. The basic component is colorless and its 
presence in the solution is not seriously objectionable. A weighed 
portion of recrystallized and dried hydroxylamine flavianate is 
dissolved in water, poured into a tested volumetric flask, and di- 
luted to give the known volume. A similar solution of a flavianate 
to be analyzed is prepared. In general, the solutions are made to 
contain from 1 to 3 mg. of flavianie acid per cc. The analytical 
data are given in Table I. 
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Procedure 


Into each of two Pyrex test-tubes are placed 0.5 gm. pieces of 
aluminum turnings, and 1 ce. of standard flavianate is pipetted 
into one tube, and 1 ec. of unknown flavianate into the other. To 
each is added 1 cc. of 10 per cent sulfuric acid and they are stop- 
pered loosely with corks. Both tubes are heated in boiling water, 
the temperature being maintained until the solutions are colorless, 
usually from 3 to 10 minutes. The tubes are then cooled with 
cold water and the solutions are poured into other tubes which 
are graduated at 25 cc. The aluminum is not transferred. The 
rinse waters usually bring the volumes to about 10 cc. Then to 
each graduated tube are added at once 2.5 cc. of 10 per cent sodium 


TaBie I 
Colorimetric Determination of Flavianic Acid 





Flavianic acid —y Flavianic acid 
Flavianate Ee 
Pres Found aa d I a Found 


ent 





mg. | mg. | mg. mg. | mg. | mg. 


15|3 .04/3.22) Creatine... 67/1 .74 

®: .80|1.76|1.86} . 2.44 

Trimethylamine. . 2.38)/2.34/2.42) Creatinine . 52/3 51/3 .48 
* os 2.44/2.41/2.38| Betaine... .70)2 .84|2.73 

Hydroxylamine... 3.05)3 .02|2.94) Leucine... . .25)3 33/3 .29 

Methylguanidine. 2.54/2.48/2.48) Tyrosine... .51/2.57|2.62 

Arginine... .83}1 .89}1 .90 


Dimethylamine... 3 
1 


























hydroxide, the tubes are placed in a bath of boiling water, and a 
current of air is bubbled through glass capillaries into the solu- 
tions for 10 minutes. The graduated tubes are then cooled, the 
capillaries are removed and washed, the solutions are made up to 
25 ce., and are mixed. They are then compared in a colorimeter. 


Remarks 


The amount of color which is produced by a given amount of 
flavianic acid is not affected by the addition of up to 3 cc. of the 
alkali. The amount of color which is obtained is at least 6 times 
greater than the color given by an equivalent amount of unreduced 
flavianic acid. The color changes very slowly (3 per cent increase 
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in 18 hours was noted). The solutions of hydroxylamine flavi- 
anate which are used for the standards show no change in color- 
producing qualities over a period of a month and probably would 
show no change over much longer periods. 

The development of color by aeration may be made without the 
addition of alkali. The color obtained thus is more desirable for 
colorimetric comparisons than that which is developed in alkaline 
solution. It is not stable, however, and in the course of 1 hour 
the character of the color changes and some fading (up to 10 per 
cent) occurs. When two similar portions of reduced flavianic 
acid are aerated, one in alkaline and the other in acid solution, and 
then alkali is added to the second to bring it to the reaction of the 
first, the color changes to a green-yellow, entirely different from 
the first. When the color is developed in alkaline solution and the 
solution is made acid, the color becomes pale. In neither case 
can the colors be matched. These changes indicate that several 
products may be formed as a result of the reduction and oxidation 
of flavianic acid. 

Under the conditions which are described, picric acid gives no 
color. Picrolonic acid, on the other hand, gives a violet color 
which undoubtedly can be used for its quantitative estimation. 


Identification of Flavianates 


The identification of a flavianate of which the optical constants 
are known, can be made with the polarizing microscope. After 
determination of the principal indices of refraction by the immer- 
sion method, identification is possible even in a mixture. When 
the components of a given mixture are recognized, their separation 
may be made systematic. 

Flavianates are well adapted for identification in this way. 
Most of them are insoluble in the organic liquids which are used, 
and have high melting points, so that they may be used in the 
fusion mixtures recommended by Merwin (7). Their indices fall 
within a convenient range and are often so characteristic that 
identification of a substance is exceedingly easy. 

A number of bases give a mono- or a diflavianate, depending 
upon the relative amount of base and flavianic acid present. This, 
however, is not a serious objection in the identification of bases 
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through the flavianates. After either flavianate is identified, the 
other may be obtained by recrystallization of the material, and 
used to make the identification doubly sure. 

Our work has been done with a Zeiss petrographic microscope 
and ordinary light, so that our data can be used without special 
illumination. Ordinary 3 mm. and 8 mm. objectives were used. 
Determinations of refractive indices of crystals were made by 
observation of the Becke line. Fragments as well as whole crys- 
tals were always observed. The reference liquids were purchased 
on the market and were not purified. Mixtures have been pre- 
pared from liquids of proper miscibility and with fairly close in- 
dices. The indices (up to 1.66) of the liquids were all checked by 
use of an Abbe refractometer. For the indices higher than 1.78, 
mixtures of piperine, arsenic iodide, and antimony iodide were 
prepared according to the directions of Larsen (8). The compo- 
nents were carefully weighed, mixed, and fused, and the index fora 
given mixture was determined from the curves given by Larsen. 
The values above 1.97 were confirmed by use of sulfur and sele- 
nium mixtures, and in some cases the values were checked by use 
of inorganic salts of known indices. The values of the melts were 
undoubtedly within the limit of accuracy of the determinations. 
We have made duplicate batches of melts having a given index 
and have found no difference in the value. 

The flavianates which were used in this study were prepared 
from bases most of which were purchased and some of which were 
donated. Our object was to establish the optical data necessary 
to characterize the flavianates of a number of bases which are met 
with commonly or which were at hand. The less common ones 
will be characterized as needed. In order that there might be no 
doubt regarding the composition of a given flavianate, each was 
analyzed in duplicate for its nitrogen content by the micro-Dumas 
method, as described by Pregl (9). 

For the preparation of a flavianate the desired amount of hydro- 
chloride or free base was dissolved, and a solution of flavianic acid 
was added to give the calculated amount. Whenever the solu- 
bility relations were proper, hot alcohol was the solvent; otherwise 
water was used. Usually the flavianate separated from solution 
after a few minutes. When separation was satisfactorily com- 
plete, the flavianate was filtered off and was recrystallized. 
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Plates show a = 1.52; ) = 1.74, 
* Not analyzed. 
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The melting points were determined by the open capillary 
method in an acid bath, Anschiitz thermometers being used. 
Data given in the literature indicate that the melting points of 
some of the flavianates are lower and less sharp than we have 
found. We believe that our preparations are more pure than 
were some which have been reported. In the case of histidine 
flavianate, however, the melting point found was lower than that 
recorded. 

All of the flavianates thus far studied are biaxial and most are 
negative; the few positive crystals have high values for the mini- 
mum index (a). In only two or three instances were acute bi- 
sectric figures obtained with both axes in the field. Therefore, 
the optic axial angles were not estimated. Whenever possible, 
the values for 8 were checked by observations of several interfer- 
ence figures, but in a number of cases the values were established 
as being the minimum index in the appropriate direction across 
the crystal. The data are presented in Table II. Since the first 
step in the identification of a substance was to determine a, the 
flavianates are arranged in order of increasing a values, rather 
than according to increasing melting points. While determining 
a, one is able to judge whether or not the substance is sufficiently 
pure for a melting point to be significant. A + or — sign after 
an index implies that the value probably lies between the number 
given and 0.01 above or below, respectively. 

The extinction angles were determined after immersion of ma- 
terial in the liquid having the desired index for X, Y, or Z (fast, 
intermediate, or slow ray), and then selection of crystals best 
oriented for the determination. The figures represent average 
readings on several crystals. 

The dispersion and optic signs were determined from interfer- 
ence figures. When these could not be obtained the dispersion 
has been omitted, and the sign was assumed from the indices. 
The values in these instances were such that a mistake in sign was 
hardly possible. 

The description of pleochroism is subject to modification. In 
one instance, not noted in Table II, a crystal at a given distance 
from the objective was blue, and at another distance was brown. 
Which color was to be described could not be agreed upon. The 
colors may depend somewhat upon the size of the erystal. 
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To aid in the identification of a flavianate without use of a 
polarizing microscope, information is included such as crystal 
form, flavianic acid content, and solvent from which the flavianate 
may be crystallized. It is of interest to note that many of the 
flavianates crystallize well from ethyl and butyl alcohols. The 
solubility of some of the flavianates in these solvents leads to cer- 
tain mixtures being separated easily. 


Notes 


Ammonium flavianate crystallized in two forms, both of which 
had the same nitrogen content. One form (@ = 1.46) was ob- 
tained from water, and the other (a2 = 1.485) from 95 per cent 
alcohol. The forms were interconvertible by recrystallization 
from the proper solvent. 

The following bases gave diflavianates which hydrolyzed readily 
in water solution to yield the monoflavianate: putrescine, histi- 
dine, carnosine, anserine, and all the guanidines including arginine. 
Methylguanidine gave two isomeric monoflavianates, one of 
which occurred in very characteristic plates. This form was 
nearly always found after recrystallization from water. 

The simple a-amino acids did not yield crystalline flavianates 
readily, but did so under unusual conditions. Leucine flavianate, 
for example, was very soluble in ethyl alcohol. When to a con- 
centrated solution of the flavianate in alcohol were added about 3 
volumes of butyl alcohol, slow crystallization resulted. 

Creatine, hypoxanthine, carnosine, and anserine were isolated 
from beef muscle, and their authenticity was proved before the 
flavianates were prepared. A seemingly complete separation of 
anserine from carnosine was made through the flavianates. Car- 
nosine monoflavianate crystallized well from water, the diflavian- 
ate only in the presence of a large excess of flavianic acid: Anser- 
ine monoflavianate separated as an oil, whereas the diflavianate 
crystallized more readily than did the diflavianate of carnosine. 
The crystals of carnosine flavianate were characteristic, separating 
first as oil droplets which formed liquid crystals. These soon 
formed streamers of liquid in the crystalline state. The appear- 
ance was of branching trees. Colored overlapping plates soon 
began to form, the ends of which showed extinction. 

Creatine flavianate crystallized slowly from water. When the 
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flavianate was heated with concentrated hydrochloric acid, creati- 
nine was formed, and upon recrystallization, creatinine flavianate 
was obtained. This transformation was effected on a microscope 
slide, and served as a convenient confirmatory test for creatine. 

Imidazole, methylimidazole, and hydroxymethylimidazole were 
presented to the writer by Dr. G. J. Cox (10). 

Betaine chloride as purchased contained potassium chloride. 
The salts were difficult to separate. For our purpose the flavian- 
ates were fractionated by use of alcohol. The potassium flavian- 
ate was the less soluble in hot alcohol, and crystallized quickly; 
it was filtered off, and the betaine flavianate crystallized from the 
filtrate. 

Trigonellin was prepared by methylation of nicotinic acid with 
dimethyl sulfate and barium hydroxide. The separation of the 
unchanged nicotinic acid from trigonellin was effected readily by 
extraction of the mixed flavianates with hot butyl aleohol. The 
nicotinic acid flavianate was dissolved, leaving the trigonellin 
flavianate which was then recrystallized from water. 


SUMMARY 


A microcolorimetric procedure for the analysis of flavianic acid 
(2,4-dinitronaphthol-7-sulfoniec acid) is described. 

The principal optical characteristics of a number of flavianates 
have been determined, the identification of the bases thus being 
made more simple than by any other known procedure. 
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THE SEQUENCE AND EXTENT OF TISSUE CHANGES 
RESULTING FROM MODERATE DOSES OF VIOS- 
TEROL AND PARATHYROID EXTRACT 
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(From the Laboratory of Household Science, University of California, 
Berkeley) 


(Received for publication, November 26, 1934) 


In continuation of the study of the toxic effects of viosterol 
(irradiated ergosterol) and parathyroid extract an attempt has 
been made to discover the time sequence of the now well known 
effects of these potent substances upon the serum and tissues of 
rats. Although a number of determinations have been made upon 
serum at short intervals following the administration of these 
drugs, examination of bones and viscera of comparable animals 
after prolonged and regular intervals has apparently not been 
reported. 

The plan of this experiment was similar to that formerly re- 
ported (1). Rats from our standardized colony were placed at 
28 days of age in individual cages on a synthetic diet of normal 
calcium and phosphorus content, 0.6 and 0.4 per cent respectively, 
half of each litter receiving viosterol at a 3 D level and half at a 
1500 D level. The viosterol' was tested by the line test technique 
and was found to be of the potency indicated. A group of the 
rats was killed at 29 days of age and the examination of serum, 
bones, and organs carried out; examinations were made at intervals 
of 14 days thereafter upon other representative animals. Thus 
there were groups of the young rats examined at the beginning, 
after 14, 28, 42, and 54 days upon the diet. Equal numbers of 
those given 3 D and 1500 D viosterol were sacrificed on each 
occasion. The actual daily doses were 8 and 4000 international 


1 The viosterol was received through the courtesy of Dr. C. E. Bills of 
Mead Johnson and Company. This was designated as of 10,000 X or ap- 
proximately 30,000 D potency, equivalent to 1,000,000 international vita- 
min D units per gm. mn 
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units of vitamin D respectively. The expressions 3 D and 1500 D 
previously in use are retained in this paper for convenience. 

On the 48rd day all remaining animals were divided into eight 
groups, usually of four rats each, one group being continued on 
the 3 D and one on the 1500 D level, the third and fourth groups, 
chosen from those which had previously been on the 1500 D dos- 
age, being raised to 3000 D and 5000 D viosterol levels respec- 
tively. The other four groups were taken equally from the 3 D 
and 1500 D levels and were given different dosages of parathyroid 
extract,’ 160 and 200 units to the 3 D group and 40 and 80 units 
to the 1500 D group. It was anticipated from our previous experi- 
ence (1) with these two potent substances that more severe effects 
might be expected from the parathyroid extract in the rats given 
1500 D viosterol than in those on the 3 D level. The amount of 
the hormone given in the former case was therefore kept relatively 
small. 

In all cases the rats were killed with chloroform, the beating 
heart exposed, and serum samples obtained. The femora were dis- 
sected out, cut up into metaphyses and shafts in the fashion 
previously described (1), dried, extracted with alcohol and ether, 
and ashed at 500°. One of the tibia was used for the usual line 
test examination. Lungs, hearts, and kidneys were similarly 
weighed fresh, dried, alcohol- and ether-extracted, and ashed. 
Total calcium and inorganic phosphorus were determined by the 
usual methods (2) in the pooled serum and also in the ash of the 
kidneys. 

It was thus possible to follow during the 54 days the changes 
produced in serum, bones, and certain soft tissues by moderately 
excessive dosage of viosterol, 1500 D, as compared with the sup- 
posedly normal tissues produced in similar animals on the 3 D 
viosterol level. During the last 11 days larger excesses of viosterol 
and various amounts of parathyroid extract were administered 
to some of these rats and the same observations made. A com- 
parison of the extent of changes produced by the parathyroid 
extract with those due to the excess viosterol was thus attempted 
in the hope of discovering whether exact equivalence of these 
drugs may be obtained. 


*The parathyroid extract was supplied by E. R. Squibb and Sons 
through the courtesy of Dr. John Anderson. 
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The growth of the animals as shown in Table I was satisfactory, 
although somewhat less than that which is obtained on stock diet. 
The group receiving 1500 D viosterol grew practically as well as 


TaBLe I 


Growth of Rats on Normal Diet, Treated with Viosterol and Parathyroid 
Extract 








Treatment 
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F — From 7ist day 
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1500 D 

3000 D 

5000 D 

3 D + 160 units parathyroid 
extract 

3 D + 200 units 

1500 D + 40 units 

Same; died 

1500 D + 80 units 
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did the 3 D group during the first 28 days, but from the 29th 
to the 42nd day on the diet gained at a’ distinctly slower rate. 
During the last 11 days of the experiment all of the groups given 
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added viosterol or parathyroid extract lost weight, except for 
Group 5-f consisting of four rats on 3 D viosterol and given 200 
units of the extract. This group it will be noted was apparently 
particularly resistant to the influence of the hormone, since 
serum, bones, and kidneys were found to be practically normal 
in composition. 

The serum calcium (Table II) of the 1500 D groups was higher 
at every period than that of the 3 D rats, beginning with the sam- 
ples taken after 14 days on the diet. The average for the 3 D 


TaBLe II 


Calcium and Inorganic Phosphorus of Serum of Rats on Normal Diet with 
Varying Amounts of Viosterol and Parathyroid Extract 














| Serum 
Group No. No. of rats Age 
Total Ca Inorganic P 
days mg. per 100 ec. mg. per 100 cc. 
1 8 29 12.0 11.9 
2-a 8 43 12.2 11.0 
2-b 8 13.0 12.4 
3-a 8 57 13.5 11.5 
3-b 8 14.4 12.3 
4-a 3 71 11.5 10.6 
4-b 5 14.6 13.1 
5-a 4 82 12.6 10.5 
5-b 5 14.2 10.4 
5-c 4 82 14.8 10.5 
5-d 4 82 15.7 11.3 
5-e 3 82 | 13.3 10.2 
5-f 4 82 13.2 9.2 
5-g 5 82 | 13.8 10.3 
5-i 1 82 | 9.1 














group throughout was 12.4 mg. per 100 cc., that for the 1500 D, 
14.0. Still further increases were seen in the rats changed at 71 
days from 1500 D to 3000 D and 5000 D. The usual increase 
due to parathyroid treatment occurred in the animals receiving 
3 D viosterol but less than the expected rise in those receiving the 
extract along with 1500 D viosterol. Although all of these ani- 
mals were sacrificed 14 hours after the last injection (of 20 units) 
as is our custom, it is possible that the peak of the serum calcium 
curve had been passed. Bischoff (3) has reported lowering of 
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. serum calcium in three dogs given parathyroid extract while under 
the influence of excessive vitamin D dosage. 

, The serum inorganic phosphorus of the 1500 D rats was also 

slightly higher than that of the 3 D group throughout and usually 

in almost the same degree as was the calcium. No such rise was 
seen in the parathyroid-treated animals. 


TaB.e III 


Composition of Femurs of Rats from 29 to 82 Days of Age As Affected by 
Viosterol and Parathyroid Extract 


















































| Shafts | Metaphyses 
: pe ae. | i | : 

| Water | Fat amy Ash | Water | Fat eT Ash 
per cent per cant 
days per cent|per cent| per cent = per cent|per cent|per cent| extracted 

weight weight 

1 29 8 52.7) 5.3 | 21.6 | 48.6 | 62.9; 6.0/ 19.9) 35.8 
2-a 43 8 42.5) 7.1 | 22.6 | 55.7 | 51.8; 9.2) 22.9) 41.3 
2-b 43 8 41.9) 7.6 | 23.0 | 54.6 | 49.9/| 9.8) 240) 40.5 
3-a 57 8 34.8 | 7.5 | 23.6 | 59.2; 40.5) 8.8) 29.5) 41.7 
3-b 57 8 35.1 | 8.1 | 23.2 | 59.2 | 37.8 | 13.2 | 28.4] 42.0 
4-a 71 3 32.7 | 4.9 | 22.7 | 63.7 | 38.0| 7.7 | 27.8 | 48.7 
4-b 71 5 36.4 | 11.9 | 20.0 | 61.3 | 44.0 | 17.8 | 20.7 | 45.8 
5-a 82 4 30.5 | 5.8 | 21.4) 66.4 | 34.8) 7.9 | 27.4) 562.1 
5-b 82 5 32.9 | 7.3 | 21.6 | 64.0 | 35.2|) 9.5) 27.8) 49.6 
5-c 82 4 32.5 | 8.9 | 22.8 | 61.2 | 36.7 | 12.6 | 27.6 | 45.4 
5-d 82 4 29.3 | 17.4 | 21.0 | 60.6 | 33.2 | 11.0 | 30.5 | 45.3 
5-e 82 3 31.9 | 2.0 | 22.5 | 66.0 | 38.1/ 3.4 | 27.6 | 52.7 
5-f 82 4 32.7 7.4) 20.3 | 66.2 | 38.3 | 6.1 | 27.5 | 530.5 
5-g 82 5 36.8 | 8.2) 21.8 | 60.4/| 41.1 7.8 | 27.5 | 46.2 
5-h 75* 2 34.4 | 14.0 | 21.2 | 59.0 | 44.8 | 144/208) 4.9 
si | 82 | 1 | 33.3] 9.2] 17.8| 69.1| 42.0| 5.0| 25.7| 51.5 
5-j | 80%] 1 | 37.3| 8.2/ 20.0| 63.4| 51.2] 9.6 | 22.3) 43.0 


| 





, * Died of overdosage. 


The rise in ash and fall in water content of both the shafts and 
metaphyses of the femurs may be seen in Table III. The values 
, for the 3 D and 1500 D groups remain close together at first and 
are nearly the same at 57 days of age (28 days on the diet), but 
thereafter the superiority of the former group consistently mani- 
fests itself. The fat content shown along with ash and water in 
Table III appears to be alike in all these bones up to the 57th day 








746 Viosterol and Parathyroid Extract 


of age, after which the 1500 D group shows higher figures, as do 
those given 3000 D and 5000 D after the 7ist day. In the para- 
thyroid-treated animals, an increase in bone fat is seen only in 
those groups in which the ash is decreased. Apparently what- 
ever adverse effect is produced by both viosterol and the hormone 
upon bones, its chemical manifestation lies in rise of fat and water 
and lowering of ash content. This is consistent with the probable 
changes accompanying both osteoporosis and osteitis fibrosa. 
Similar changes in bones have been reported previously (1) in 
rats given the same diet and comparable treatment. 

There is little evidence of change in amount of organic matrix 
in either shafts or metaphyses of the bones in which the ash con- 
tent was decreased. The per cent of organic matter in the fresh 
bone given in Table III represents the non-ash ether-extracted 
dry weight. These figures do not support the suggestion of 
Shelling, Asher, and Jackson (4) that the decalcification produced 
by parathyroid extract overdosage differs from that of viosterol, 
since in the latter no fibrotic replacement of resorbed areas takes 
place. The bones of Groups 5-g, 5-h, and 5-j, which show the 
most decalcification as a result of the parathyroid treatment, 
show either no change in amount of organic residue or a decrease 
nearly in proportion to the ash decrease. Groups 4-b and 5-¢ 
decalcified by viosterol are similar as to effect on the organic 
matrix, and Group 5-d, in which the animals were given 5000 D, 
appears to have a slightly increased fiber content. 

The most striking differences between the parathyroid- and 
viosterol-treated animals were seen in the kidneys. Although 
hearts and lungs were also examined, consistent and significant 
differences were not observed. The kidney ash of the 1500 D 
group, however, was increasingly greater than that of the normal 
3 D animals from the 57th day of age. Calcium and phosphorus 
determinations were made only upon the kidneys of animals 
given the varying treatments from the 7lst to the 82nd day. 
Among the latter large increases were found in the parathyroid- 
treated group (Table IV). The water content was increased 
in the ash-loaded kidneys but the fat was little changed. In 
Group 5-f, which was apparently little affected in any other way 
by the parathyroid treatment, it will be noted that kidney water, 
ash, calcium, and phosphorus are nearly normal. 
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Tasie IV 
Composition of Hearts, Lungs, and Kidneys of Rats 29 to 82 Days Old As 
Affected by Viosterol and Parathyroid Extract 
Results for ash, fat, Ca, and P are expressed in per cent of dry weight; 
for water, in per cent. 
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TaBLe V 
Composition of Increased Ash of Kidneys in Per Cent of Dry Weight 





Increase over normal kidney Ash increase calculated as 
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Normal kidney ash, calcium, and phosphorus figures were ob- 
tained by analysis of the organs of normal (3 D) rats at 71 and 82 
days of age. In Table V the increases above these shown by the 
various experimental groups are calculated as Ca3(PO,)2 from the 
excess calcium and phosphorus separately. In nearly all cases 
the calculated ash increases are larger than those actually found 
when the phosphorus excess is used and smaller when the calcium 
excess is used as a basis of calculation. Apparently part, at least, 
of the mineral deposit is of some other composition than calcium 
phosphate. This is reminiscent of the high phosphorus to cal- 
cium ratio of the increased excretion, due to long continued para- 
thyroid extract administration, observed by Greenwald and Gross 
(5). The ratios which they found were not unlike those seen in 
the kidney ash deposit of the parathyroid-treated rats in the series 
here reported. Simple bone solution can therefore hardly account 
for these deposits. 


DISCUSSION 


The original object of part of this work was the determination 


of amounts of parathyroid hormone and of viosterol of exact 
physiological equivalence. Obviously this object cannot be at- 
tained by the method used. Equivalent changes in serum cal- 
cium and phosphorus values are not accompanied by like changes 
in bone and kidney composition. Thus 3000 D and 5000 D 
viosterol administered daily for 11 days produced higher serum 
calcium and inorganic phosphorus than did 160 or 200 units of 
parathyroid hormone given at the rate of 20 units per day over the 
same period to the 3 D group or 40 or 80 units to the 1500 D group. 
There was little change in bone ash in the parathyroid-treated 
animals but a significant lowering in those receiving the excess 
viosterol. Nevertheless, the kidneys of the parathyroid-treated 
animals except in one group showed considerably greater calcifica- 
tion than did those of the viosterol-treated group. 

These observations cannot support the theory that vitamin D 
operates exclusively through the parathyroid mechanism nor even 
that the two substances produce an identical disturbance of cal- 
cium metabolism. Ham (6) has suggested that the metastatic 
calcification seen in the heart and aorta during vitamin D hyper- 
vitaminosis and also in parathyroid poisoning is due largely to 
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the rise and fall of the serum calcium fraction controlled by the 
parathyroid. Local conditions, particulariy as to reaction, may 
determine the site of the deposit from the supersaturated serum 
but in the main, physicochemical laws govern the precipitation 
of calcium salts in the soft tissues. Such deposition would follow 
apparently only as the influence of the administered agent, vi- 
osterol or parathyroid hormone, was withdrawn. This theory 
is in accord with the often made observation that extent of hyper- 
caleemia and extent of metastatic calcification are not inter- 
dependent. Smith and Elvove (7) thought byperphosphatemia 
most likely to be the determining factor in such calcification, and 
Shelling and Asher (8) even found tissue calcification accompany- 
ing hypocalcemia. 

The most extensive deposits were found in the kidneys of rats 
in this series, however, which had died of parathyroid overdosage 
and in a former series (1) in rats which died of viosterol overdosage. 
No cessation of the parathyroid influence upon the serum can be 
postulated, in any case, since no drop in serum calcium or rise in 
phosphorus was noted. The terminal rise in blood inorganic 
phosphorus accompanying overdosage, noted by Collip, Clark, 
and Scott (9) as well as by Smith and Elvove (7), may indeed 
be the result rather than the cause of the kidney calcification. 

The danger from renal damage to hyperparathyroid patients 
has been pointed out by Albright, Baird, Cope, and Bloomberg 
(10). Ellsworth (11) has put forward the suggestion that the 
primary effect of the parathyroid hormone is upon the phosphorus 
metabolism, with immediate lowering of the kidney threshold for 
phosphate followed by lowering of serum phosphate. But the 
phenomenon upon which this hypothesis is built is not an invari- 
able result of parathyroid treatment and in fact occurs only when 
the initial serum phosphate is high (12). When the latter value 
is low as in rickets, a rise usually follows the administration of the 
hormone (13). 

Nor can the excess kidney calcification which follows the para- 
thyroid treatment be ascribed to excessive hypercalcemia in the 
series here reported, although the possibility that the peak of 
serum calcium was not detected cannot be ignored. 

Obviously viosterol at the 1500 D level has an easily measurable 
effect on rat serum as early as the 14th day of administration and 
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upon bones and kidneys by the 42nd day. Since parathyroid 
treatment parallels these effects, but with considerably greater 
damage to kidneys and less to bones, for approximately the same 
serum changes, there must be involved some other mechanism 
besides calcium saturation of the serum. It might be argued 
that a change may be produced in the kid:-eys by the parathyroid 
extract as an artifact and that the natural hormone of the glands 
in situ is without such effect. But clinical experience indicates 
that untreated hyperparathyroid patients undergo renal damage 
(10). 

The loss of ash from the bones is not great enough to account 
for the kidney calcification in the parathyroid-treated rats nor 
is the kidney calcification of the viosterol-treated animals com- 
mensurate with their bone loss. The rise in serum calcium ap- 
pears to be correlated in both cases with the bone solution but 
not with the kidney deposit. There must be postulated then 
some other unknown factor which controls the toxicity of these 
substances in addition to their hypercalcemic effect and which is 
present in considerably greater amount in parathyroid extract 
than in viosterol. The clinical control of parathyroid medication 
by serum calcium determinations is therefore probably not safe 
and should be supplemented by urine analysis and renal sufficiency 
tests. 

It is obvious that undesirable effects of even mild excesses of 
viosterol may be detected in rats by sufficiently detailed examina- 
tions. The conclusions drawn recently by Hauch (14) as to the 
relative innocuousness of huge doses of viosterol, even when con- 
tinued for six generations, must be questioned on the ground 
that adequate criteria of normality were apparently not used. 
Since no detailed data are given, it is difficult to assess the validity 
of the statements that normal growth and reproduction and no 
pathological signs were seen in animals receiving along with a 
normal diet even 93,000 times the therapeutic dose of viosterol. 
On 1500 D viosterol, diluted from a preparation of the same origin 
as that used by Hauch, young rats in this laboratory diverged sig- 
nificantly from the normal as to both bone and kidney composition. 

The order in which the effects of viosterol 1500 D were seen 
gives some hint as to the course of events. Immediate rise in 
serum calcium and inorganic phosphorus apparently occurs, with 
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significant changes in water and ash of bones following only after 
28 days, at which time a measurable increase in kidney ash was 
also detected. This would appear to allow the simple explanation 
that the viosterol produces the hypercalcemia and hyperphos- 
phatemia by stripping calcium phosphate from the bones, a slow 
process which is measurable in the latter only after some time. 
The concurrent deposit in the kidneys may also be gradual. 

A similar explanation for the effects of parathyroid hormone 
does not fit the facts perfectly, because the kidney calcification 
and serum effects appear at once, before bone solution is measur- 
able. The assumption of a specific toxic change in renal tissue 
promoted by the parathyroid hormone reconciles this difference 
and explains the more abrupt changes in serum accompanying 
overdosage. The increased toxicity of the hormone in the pres- 
ence of sodium carbonate (2, 15) observed in this laboratory may 
possibly be referred to exaggerated renal damage caused by the 
alkali. 


SUMMARY 


1. Young rats were given a purified diet of optimum calcium 
and phosphorus content and ratio with 3 D and 1500 D viosterol 
(8 and 4000 international units of vitamin D daily). After 14, 
28, 42, and 54 days groups of these animals were killed and serum, 
metaphyses, and shafts of femurs, hearts, lungs, and kidneys ex- 
amined for ash, water, fat, and, in the last case, also for calcium 
and phosphorus content. 

2. During the last 11 days of the experiment additional animals 
were given 3000 D or 5000 D viosterol or 160 or 200 units of para- 
thyroid extract. 

3. The growth of the rats receiving 1500 D viosterol was less 
than that of the 3 D group after 28 days on the diet. All but one 
of the parathyroid-treated and 3000 D and 5000 D groups lost 
weight. The serum calcium and inorganic phosphorus of the 
rats receiving 1500 D viosterol were higher than those of the 
controls (3 D) at all times, as were those given further excesses of 
viosterol and parathyroid extract during the last 11 days. 

4. The rise in ash and lowering in water content of shafts and 
metaphyses of femurs from the 29th to 82nd day of age was more 
marked in the 3 D than in the 1500 D group after 28 days on the 
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diet. The fat content of the bones was higher in the latter group, 
but the per cent of organic matrix changed but little. Viosterol 
3000 D and 5000 D produced further changes in the same direction 
as those shown by the 1500 D group, but parathyroid treatment 
had less consistent results upon the bones. 

5. The hearts and lungs were little affected as to ash, water, or 
fat content but the kidneys of the rats given 1500 D viosterol 
had increased water and ash from the 28th day. Extraordinary 
amounts of ash were found in the kidneys of the parathyroid- 
treated animals. The rise in phosphorus, calculated as Ca3(PO,)e, 
in these kidneys corresponded with the rise in ash, but that of the 
calcium was somewhat lower. 

6. The difficulty of reconciling these differences in time of 
occurrence and in extent between the results of moderate excesses 
of viosterol and those of parathyroid extract is discussed. The 
conclusion is drawn that vitamin D and the parathyroid hormone 
are not identical in their action and that a factor specifically 
affecting renal tissue may be present in the parathyroid extract. 
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A NEW SYNTHESIS OF CARNOSINE, WITH SOME OB- 
SERVATIONS ON THE SPLITTING OF THE BENZYL 
GROUP FROM CARBOBENZOXY DERIVATIVES 
AND FROM BENZYLTHIO ETHERS 


By ROBERT H. SIFFERD ann VINCENT pv VIGNEAUD 


(From the Department of Biochemistry, School of Medicine, 
George Washington University, Washington) 


(Received for publication, December 10, 1934) 


The question of the physiological origin and function of carno- 
sine is particularly intriguing, since the compound contains not 
only the imidazole ring, which is highly suggestive of physiological 
activity, but contains as well the only 6-amino acid known to exist 
in the body. Furthermore it occurs in muscle tissue in amounts 
greater than any other nitrogenous extractive with the exception 


of creatine. Yet practically nothing is known of its formation, 
its function, or its fate. The main reason for this lack of knowl- 
edge is, in our opinion, the relative inaccessibility of the com- 
pound. Its isolation from muscle tissue is a tedious process and 
the syntheses that have been devised have given exceedingly poor 
yields. It seemed to us that if the product were made more read- 
ily available, a greater variety of physiological studies might be 
undertaken and more thus learned of the intermediary metabolism 
and the physiological réle of this interesting dipeptide. With this 
purpose in mind we undertook the synthesis of carnosine and have 
succeeded in working out a method by which the pure crystalline 
peptide can be obtained in a 65 per cent yield, based on the histi- 
dine used. This is considerably more than a 10-fold increase over 
that of previously reported syntheses. 

The constitution of this dipeptide, which was isolated by Gule- 
witsch and Amiradzibi (1) in 1900 from the extractives of muscle 
tissue, was shown by the work of Baumann and Ingvaldsen (2) 
and that of Barger and Tutin (3) in 1918 to be 8-alanyl-/-histidine. 
In addition to assembling analytical proof for this structure both 

753 








1 
4 
; 


— 


754 Synthesis of Carnosine 


groups succeeded in synthesizing the compound. In the synthesis 
effected by Barger and Tutin §-nitropropionyl chloride was con- 
densed with histidine methyl ester. The coupled product was 
reduced and saponified. An extremely small yield of carnosine 
in the form of the copper salt was obtained. Baumann and Ing- 
valdsen on the other hand condensed §-iodopropiony] chloride with 
histidine and then treated the iodo compound with ammonia. 
They isolated the free base but obtained only a small yield. Al- 
though these methods sufficed for structural proof they did not 
offer much encouragement from a preparative standpoint. 

In the present investigation the excellent and ingenious carbo- 
benzoxy méthod of Bergmann and Zervas (4) was utilized. Car- 
bobenzoxy-§-alanine (I) was converted to the acid azide (V) and 
condensed with the methyl ester of Lhistidine. The resulting 
methyl ester of carbobenzoxycarnosine (VI) was then converted 
to the free crystalline base (VIII) by saponification of the ester 
grouping and by scission of the carbobenzoxy group by catalytic 
hydrogenation according to the series of reactions shown on 
p. 755. 

The 6-alanine used in the above synthesis was prepared from 
succinimide by the Hoffman hypobromite reaction as applied by 
Clarke and Behr (5). Instead of the free 8-alanine being isolated, 
however, the compound was isolated directly as the very insoluble 
carbobenzoxy-f-alanine. 

The carnosine obtained in the above synthesis agreed in physi- 
cal and chemical properties with a sample of carnosine which we 
isolated from fresh sheep muscle by a combination of the methods 
of Dietrich (6) and Gulewitsch and Amiradzibi (1). Both com- 
pounds melted at 260°, which is somewhat higher than that pre- 
viously reported for carnosine, and a mixture of the two showed no 
depression in melting point. Both compounds melted at 308- 
309° on the Dennis melting point bar. The compounds also 
possessed the same specific rotation of [a]® = +20.5° in aqueous 
solution. 

We have also synthesized the dipeptide by coupling carbo- 
benzoxy-$-alanyl chloride with the sodium salt of histidine in 
alkaline solution. The carbobenzoxycarnosine was then converted 
to carnosine by catalytic hydrogenation. The yield, however, 
was poor compared with that obtained by the azide method. 
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It might be of interest to record that in the isolation of carno- 
sine from sheep muscle free tyrosine was isolated from the extrac- 
tives and identified. Tyrosine has been isolated from the ex- 
tractives of several marine species (7, 8) but we have found no 
report of its presence in the extractives of mammalian muscle. 
It may account for the “undetermined substance” which Hunter 
(9) says is responsible for about 2 per cent of the color obtained 
in the colorimetric estimation of carnosine in muscle extract. 

In the synthesis reported above the carbobenzoxy group was 
removed by the catalytic hydrogenation procedure worked out by 
Bergmann and Zervas for other carbobenzoxy derivatives. It 
occurred to us that the removal of the carbobenzoxy group might 
be accomplished by reduction of the compound in liquid ammonia 
with metallic sodium as used by du Vigneaud, Audrieth, and Lor- 
ing, in the reduction of cystine to cysteine (10). We were par- 
ticularly interested in this not only as an alternative method for 
the preparation of carnosine but because of its possible application 
to the synthesis of cystine dipeptides, where the catalytic hydro- 
genation method has so far failed. The reduction was carried out 
first with carbobenzoxy-§-alanine. It was found that the reaction 
worked excellently, yielding 8-alanine almost quantitatively. It 
is interesting to note that dibenzy] was isolated from the reduction 
mixture. In the catalytic hydrogenation, the benzyl group is 
removed as toluene but apparently in liquid ammonia the sodium 
splits off the benzyl group either as a free radical or as sodium 
benzy! which then yields the dibenzyl. Whether dibenzyl ac- 
counts for all of the benzyl group we have not as yet ascertained. 
We hope to investigate the reaction more closely. 

After the encouraging results with carbobenzoxy-6-alanine this 
method of scission was applied to carbobenzoxycarnosine. The 
latter was dissolved in liquid ammonia and 3 moles of sodium 
added. After the complete evaporation of the ammonia an 
amount of HI was added equivalent to the sodium employed. 
The Nal formed was removed by extraction with alcohol and the 
carnosine was recrystallized. An 80 per cent yield of the latter 
from the carbobenzoxy derivative was obtained. 

Carbobenzoxycystine by this method of reduction yielded cys- 
tine nearly quantitatively after the oxidation of the cysteine 
formed in the reduction. These results also suggested the possi- 
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bility of splitting benzylthio ethers in the same manner. Benzyl- 
cysteine was therefore subjected to this treatment and an excellent 
yield of cystine was likewise obtained. We are hoping to extend 
the method to the reduction of carbobenzoxycystinyl and carbo- 
benzoxybenzylcysteinyl peptides. 


EXPERIMENTAL 


Preparation of Carbobenzoxy-8-Alanine (I)—A solution of KOBr 
was made by adding slowly and with stirring 30.8 cc. of Br2 to a 
solution of 302 gm. of KOH dissolved in 2720 cc. of water at 3°. 
The KOBr solution was cooled to 0° and 60 gm. of succinimide 
were added. The reaction mixture was held at a temperature of 
55—60° for 2 hours and was then allowed to remain at room temper- 
ature overnight. At this point the mixture was acidified to Congo 
red with concentrated HCl and was evaporated to dryness. 

The 6-alanine hydrochloride was extracted from the major por- 
tion of the inorganic salts with about 1 Jiter of warm 95 per cent 
alcohol. The extract and washings were then evaporated to dry- 
ness and the residue was extracted with about 200 cc. of absolute 
alcohol. This extract was also evaporated to dryness and the 
residue was distilled to dryness repeatedly after the addition of 
small portions of water. In order to remove any NH; the mate- 
rial was dissolved in 200 ec. of water, 10 per cent NaOH was added 
until the reaction was alkaline to phenolphthalein, and the solu- 
tion was distilled in vacuo until no perceptible odor of NH; re- 
mained in the distilling flask. The solution was cooled after this 
treatment to 0° and 60 gm. of carbobenzoxy chloride were added 
in 4 ce. portions with vigorous shaking and cooling over the course 
of 45 minutes, the mixture being kept alkaline to phenolphthalein 
throughout the course of the reaction by adding NaOH. After 
all the chloride had been added the mixture was shaken at room 
temperature for an additional 20 minutes and then extracted with 
a number of portions of ether which were discarded. The aque- 
ous alkaline solution was filtered and acidified to Congo red with 
concentrated HCl whereupon the carbobenzoxy-§-alanine crystal- 
lized out in thin glistening plates. The product was filtered off 
and washed repeatedly with cold water. 66 gm. of a product 
melting at 102—104° were obtained, which was pure enough for use 
in the following reactions. The recrystallized product melted at 
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106° (corrected) and after being dried in vacuo over P20; at 61° 
had the following composition. 


4.471 mg. substance: 0.249 cc. N at 28° and 756 mm. (micro-Dumas) 
CyHyO.N. Caleulated, N 6.28; found, N 6.28 


Carbobenzory-B-Alanyl Hydrazide (IV)—To a suspension of 
18.6 gm. of finely pulverized PCls in 150 cc. of anhydrous ether at 
0° were added 20 gm. of dry powdered carbobenzoxy-§-alanine, 
and the mixture was shaken in the cold until only a small residue 
consisting of excess PCl; remained. Two such runs were made 
simultaneously and the combined solutions were filtered directly 
into a distilling flask and the ether removed at a temperature less 
than 10° at the water pump. A source of higher vacuum was then 
used and the distillation continued, the temperature being finally 
raised to 45°. The removal of the remaining POC]; and HC! was 
aided by distilling the mixture with successive portions of dry 
toluene. The distillation at this temperature was carried out as 
rapidly as possible to avoid decomposition of the acyl chloride 
(I). The latter was then cooled in ice and 100 cc. of cold dry 
methyl alcohol were added slowly with shaking. After the solu- 
tion had stood for 30 minutes at room temperature, the HCl and 
excess alcohol were distilled. Remaining traces of HCl were 
flushed out by distillation with several portions of methyl alcohol. 

The crude syrupy methyl] ester (III) was taken up in 120 ce. of 
absolute ethyl alcohol, 40 ec. of 42 per cent hydrazine hydrate 
were added, and the mixture refluxed for 1 hour. When the solu- 
tion was cooled the hydrazide crystallized in flat irregular plates. 
The product was filtered and washed with several portions of cold 
absolute alcohol. 34 gm. of the hydrazide melting at 136—139° 
were obtained. A second small crop of 4 gm. was obtained upon 
concentration of the mother liquor and washings. The yield in 
the various runs varied from 75 to 88 per cent of the theoretical 
amount. The product recrystallized from water possessed a 
melting point of 143° (corrected), and after being dried in vacuo 
over P.O; had the following composition. 


2.358 mg. substance: 0.368 cc. N at 28° and 756 mm. 
Cy.HisO;N;. Caleulated, N 17.71; found, N 17.60 


Carbobenzory-B-Alanyl-l-Histidine (VIT)—35.5 gm. of the carbo- 
benzoxy-6-alanyl hydrazide were dissolved in a mixture of 600 
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cc. of water, 120 cc. of glacial acetic acid, and 120 cc. of 5 n HCl. 
and the solution was cooled to 0°. 50 cc. of an aqueous solution 
containing 12 gm. of NaNO: were added dropwise with shaking 
over the course of 10 minutes. The mixture was left in the ice 
bath an additional 10 minutes and the azide (V) was then ex- 
tracted with CHCl;, a total of 150 ce. being used in four portions. 
The CHCl; extract was dried with anhydrous Na,SQO, and fil- 
tered. Directly into the CHCl, solution of the azide were filtered 
approximately 60 cc. of CHCl; solution containing the free I- 
histidine methyl ester prepared by the method of Fischer and 
Cone (11) from 29.05 gm. of /-histidine methyl ester dihydrochlo- 
ride. By thus increasing the azide over the usual amount a much 
better yield of the coupled product was obtained. The mixture 
was allowed to stand at room temperature for 16 hours protected 
from moisture by a CaCl, tube, and was then evaporated to a 
thick syrup in vacuo. The residue was next dissolved in 200 cc. 
of CHCl, and thoroughly shaken on the machine for 4 hours with 
200 cc. of water and 72 cc. of 5N NaOH. The CHCl, layer was 
then removed and the water layer washed several times with fresh 
CHC)];. An amount of H,SO, was added to the aqueous layer 
equivalent to the NaOH used, a small amount of precipitated 
material was filtered off, and the filtrate evaporated to dryness in 
vacuo. The carbobenzoxycarnosine was extracted from the 
Na.SO, with several portions of boiling 95 per cent alcohol. The 
extracts were combined and on being cooled 35.5 gm. of the car- 
bobenzoxycarnosine separated in clusters of microscopic needle- 
like crystals. An additional 2.5 gm. were obtained by working 
up the mother liquor. The combined material represented a 
yield of 88 per cent of the theoretical amount based on the histi- 
dine used. The compound was recrystallized from 95 per cent 
ethyl alcohol and melted at 160—-161° (corrected). For analysis 
the product was dried at 110° over P,O; and had the following 
composition. 


2.789 mg. substance: 0 382 cc. N at 28° and 756 mm. 
CivHeeOsNy. Calculated, N 15.55; found, N 15.45 


B-Alanyl-l-Histidine (Carnosine) (VIII)—15 gm. of carbo- 
benzoxycarnosine were dissolved in 100 ec. of H,O containing 1 
equivalent of H,SO, and the mixture was shaken with 2 gm. of 
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palladium black at 10 pounds hydrogen pressure until no more 
hydrogen was absorbed. The catalyst was removed and the sul- 
fate was precipitated quantitatively with Ba(OH),. The filtrate 
was evaporated to dryness in vacuo, the residue was taken up in 
the minimum amount of H,O, and the free carnosine crystallized 
by the slow addition of 2 to 3 volumes of absolute alcohol. 8.2 
gm. of carnosine were isolated, representing 80 per cent of the theo- 
retical yield. 

The compound recrystallized by alcoholic precipitation from 
aqueous solution melted with decomposition at 260° (capillary 
tube) and melted at 308-309° on the Dennis bar. A 2 per cent 
aqueous solution possessed a rotation of fa]? = +20.5°. The 
product dried for analysis in vacuo at 110° over P2O; had the fol- 
lowing composition. 


2.337 mg. substance: 0.513 ec. N at 27° and 756 mm. 
C.H,,O;N,. Calculated, N 24.77; found, N 24.84 


For comparative purposes carnosine was isolated from sheep 
muscle by the methods of Dietrich (6) and Gulewitsch and Amirad- 
zibi (1). The purified naturally occurring compound also melted 
at 260° with decomposition and melted at 308-309° on the Dennis 
bar. Its specific rotation was [a] = +20.5° for an aqueous solu- 
tion. The analytical values for nitrogen agreed with the theoreti- 
cal values. 

The synthetic and naturally occurring compounds were identi- 
cal in crystalline form and chemical behavior and the melting 
point of a mixture of the two compounds showed no depression. 


SUMMARY 


A new synthesis of carnosine has been presented in which the 
free crystalline peptide was prepared in a yield of 65 per cent of the 
theoretical amount based on the histidine used. This is more 
than a 10-fold increase over the yield of previously reported syn- 
theses of this compound. 

In the synthesis presented carbobenzoxy-§-alanine was con- 
verted to the acid azide and condensed with histidine methy| 
ester. After saponification of the ester the carbobenzoxy group 
was removed by catalytic hydrogenation. 
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Observations upon the scission of the benzyl grouping from 
carbobenzoxycarnosine and from benzylthio ethers by metallic 
sodium in liquid ammonia have been included. This offers an 
alternative method for the last step in the above procedure for 
the synthesis of carnosine. 
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(Received for publication, December 19, 1934) 


Various derivatives of d-galacturonic acid are known wherein 
substitution has been effected at the terminal carbon atoms (1-7). 
On the other hand, the only known derivative involving substitu- 
tion at the intermediate carbon atoms appears to be the diacetone 
compound (8, 9). The present communication deals essentially 
with the acylation of d-galacturonic acid, a substitution reaction 
of the latter type. The ultimate objective of this research is to 
prepare from the acyl derivatives halogenated compounds which 
can be used for the synthesis of glycosides and aldobionic acids. 
A similar study with d-glucuronic acid is now in progress through 
the researches of Goebel and Babers (10). 

Preliminary experiments showed that a direct acetylation or 
benzoylation of d-galacturonic acid did not lead to crystalline prod- 
ucts. The difficulty appeared to be assignable to the presence 
of the free carboxyl group. In order to test this hypothesis, a 
comparative study was undertaken with the stable a-methyl- 
glycoside of d-galacturonic acid and its methyl ester described 
previously (3). It was found that with the ester, crystalline tri- 
acetyl and tribenzoyl a-methyl-d-galacturonide methyl esters 
could be obtained readily in good yields, whereas from the free 
acid glycoside the corresponding derivatives could not be obtained. 
It appears therefore that for the successful acylation of a uronic, 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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acid, the carboxyl group must be protected either as an ester or 
as a lactone.' 

Since a lactone of d-galacturonic acid has so far not been iso- 
lated, it was necessary to prepare its methyl ester. The usual 
method of esterifying with acid alcohol could not be employed, 
since glycoside formation would occur. The silver salt was there- 
fore prepared and shaken in dry methyl! alcohol containing methyl 
iodide. It was found that the following reactions took place 
simultaneously. 


(1) C,H,O;-COOAg + CH;I — C;H»O;-COOCH; + Agl 
(2) CsHyO,-COOAg + CH,OH + CH;I ~C;H,O;-COOH + CH,OCH; + Agl 


Reaction 1 proceeded to the extent of 70, and Reaction 2, 30 per 
cent. Goebel and Babers (10) have noted that when silver glu- 
curonate was refluxed with pure methyl iodide, an appreciable 
quantity of free glucuronic acid was formed, and when the reac- 
tion was conducted in methyl alcohol, the amount of free acid 
formed was approximately doubled. They, isolated the methyl- 
glucuronate as a syrup; we also could not’ prepare a crystalline 
methyl ester by this method. 

Methyl-d-galacturonate was finally prepared in crystalline con- 
dition by treating the anhydrous acid dissolved in methyl! alcohol 
with an ethereal solution of diazomethane. About 4 moles of 
diazomethane were required before esterification was complete, 
and on concentration, the ester crystallized in the a form on ad- 
dition of dioxane and ether. After successive recrystallization 
from a mixture of dioxane and methyl alcohol, the anhydrous prod- 
uct melted at 146—148° and mutarotated rapidly downward from 
[a] = +75.5°, 3 minutes after solution in methyl] alcohol, to an 
equilibrium value of [a]® = +38.0° in 90 minutes. 

Acetylation with acetic anhydride and zine chloride at 0° or 
at 100°, and with pyridine and acetic anhydride at 0°, led to the 
same tetraacetate of methyl-d-galacturonate. After successive 
recrystallization from a mixture of chloroform and ether, or from 
ethyl alcohol, it showed a constant melting point of 142—143° and 


1 In a private communication, Dr. Goebel has informed one of us (S. M.) 
of a similar observation on d-glucuronic acid. The acetylation of either 
the lactone or the ester proceeded smoothly, whereas with the free acid 
difficulties were encountered. 
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a constant rotation of [a]?> = +143° in chloroform. The high 
specific rotation indicates an a form. Since it has already been 
shown that the most stable forms of the hexuronic acids, like their 
parent sugars, are pyranoside derivatives (11), the structure of 
this compound is provisionally assigned as a-1, 2, 3, 4-tetraacety! 
methyl-d-galacturonate. Thus far it has not been possible to 
crystallize another isomeric acetate from the syrupy filtrates. 

Benzoylation with a mixture of pyridine and acetic anhydride 
produced a crystalline tetrabenzoate of methyl-d-galacturonate 
in good yield. After successive recrystallization from ethy] al- 
cohol it showed a constant melting point of 181—182° and a con- 
stant rotation in chloroform of [a] = +278.5°. As with the 
acetate, only one form has thus far been isolated, and from its 
high rotation the structure provisionally assigned is a-1, 2, 3, 4- 
tetrabenzoyl methyl-d-galacturonate. 


EXPERIMENTAL 


The half micromethod described by Clark (12) was employed 
for the methoxyl determinations. Goebel’s (13) modification of 
the Willstatter-Schudel (14) titration was used to measure reduc- 
ing values. Rotations were observed with a Franz Schmidt and 
Haensch (Berlin) quartz wedge saccharimeter equipped with a 
Ventzke scale and an electric sodium lamp as a light source. The 
melting points were made with the Thiele apparatus and an in- 
closed scale thermometer. Acetyl values were determined by the 
micromethod of Friedrich and Rapoport (15). Carbon and hy- 
drogen were determined with a semi-micromethod developed from 
the original Pregl microprocedure.? 


2, 3, 4-Triacetyl a-Methyl-d-Galacturonide Methyl Ester ,* 
CsHsO0s-(OCHs)2-(OCCH)s 


2.7 gm. of anhydrous methyl-d-galacturonide methyl! ester (3) 
were added to 10 cc. of acetic anhydride containing a piece of fused 
zinc chloride about the size of a pea. The solution was warmed to 
60°, whereupon a vigorous reaction took place. Cooling was 


* We wish to thank Dr. Eugene Schoeffel for assisting with the micro- 
analytical determinations. 
* This compound was prepared with the assistance of Dr. Leo Kuick. 
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necessary to maintain the temperature at 60-70°. In about 10 
minutes the reaction appeared complete and the flask was allowed 
to stand overnight at room temperature. The reaction mixture 
was poured into ice water and the oil which separated taken up 
in chloroform. The water was extracted once with chloroform, 
the combined chloroform solutions dried, concentrated, and recon- 
centrated to dryness after the addition of toluene. The white 
powder obtained was dissolved in warm ether, the solution filtered, 
and petroleum ether added to turbidity. On standing overnight 
in the ice chest, crystallization set in. The product was filtered, 
washed with petroleum ether, and dried for 24 hours over CaCl, 
in a vacuum desiccator. Yield 3.0 gm., or 70 per cent of the 
theoretical. After recrystallization from 50 per cent ethyl alcohol 
the rotation had remained unchanged. The following constants 
were observed. 

Melting Point—93.5-94.5°. 

Boiling Point—At a bath temperature of 200-210° and a pres- 
sure of 0.05 mm. the compound distilled unchanged. 

Rotation—{a]®* = +166.0° in v.s.r. chloroform where c = 
1.2 per cent. 

Analysis—C,H;0;- (OCHs).- (OCCHs)s 

Calculated OCH; 17.82, OCCH; 37.1, C 48.3, H 5.79 
Found. “* 17.80, “37.7, “ 48.4, “ 6.10 


2, 3, 4-Tribenzoyl a-Methyl-d-Galacturonide Methyl Ester, 
CsHsOs-(OCH3)2-(OCCeHs)s 


1.9 gm. of anhydrous a-methyl-d-galacturonide methyl ester (3) 
were dissolved in 15 ec. of dry pyridine and 5 ce. of benzoyl chlo- 
ride were slowly dropped into the solution with constant shaking. 
Pyridine hydrochloride soon separated, and the temperature rose 
to 45°. After standing at room temperature for 2 hours, a few 
drops of water were added until a clear solution resulted which 
was poured into 200 cc. of ice water. On standing in the ice box 
for several days, the syrup became granular. It was filtered, 
ground in a mortar with water, again filtered, washed well with 
water, and dried. 4.3 gm. were obtained, which were taken up in 
as small a volume of chloroform as possible. The solution was 
decolorized and absolute ethyl alcohol was added to produce a 
permanent turbidity. Crystallization set in readily. The prod- 
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uct was washed with small portions of a cold solution of 2 parts 
of absolute ethyl alcohol and 1 part of chloroform. 3.4 gm. of a 
snow-white preparation were obtained, equivalent to a yield of 
75 per cent of theory. The preparation was readily recrystal- 
lized from a chloroform-alcohol solution. After a second recrys- 
tallization from 95 per cent ethyl alcohol the rotation had re- 
mained unchanged. The following constants were observed. 

Melting Point—134-135°. 

Rotation—{a]®> = +238° in v.s.P. chloroform where c = 0.8 
per cent. 

Analysis 


CsH,O;-(OCHs)2-(OCC.Hs)s. Calculated. OCH, 11.6, C 65.1, H 4.91 
Found. “ 11.1, “ 64.7, “ 4.86 


Methyl Ester of a-d-Galacturonic Acid, CsHyO,;-COOCH 


9.7 gm. (0.05 mole) of anhydrous d-galacturonic acid were pre- 
pared from a freshly recrystallized sample of the monohydrate 
(16) by drying for 4 hours over phosphorus pentoxide (renewed 
every hour) at 78° and 1 mm. pressure. The anhydrous acid was 
dissolved in 100 cc. of absolute methyl alcohol and an ethereal 
solution of diazomethane was added at 0° until the reaction was 
neutral to litmus. The diazomethane solution was prepared by 
dissolving 21.4 gm. (0.21 mole) of nitroso N-methylurea‘ in a 
mixture of 215 ce. of ether and 80 cc. of 40 per cent potassium hy- 
droxide; the ether layer was then decanted and dried over solid 
potassium hydroxide as suggested by Arndt and Amende (17). 
Practically all of the diazomethane was consumed. A trace of 
flocculent material which separated was removed by filtration, 
and the solution concentrated to a syrup at 40° under reduced 
pressure. The syrup was transferred to a beaker and the flask 
washed out with about 3 volumes of dioxane (commercial grade). 
Anhydrous ether was added until the solution became turbid. 
Subsequent to vigorous scratching of the sides of the vessel the 


‘The preparations should be carefully purified and dried as described 
by Arndt and Amende (17). We experienced a mishap with one prepara- 
tion (about 150 gm.) which was not absolutely pure. The bottle con- 
taining it exploded after having been stored in a desk drawer for several 
weeks. The laboratory was permeated with a strong lachrymal substance. 
Subsequently we have always stored recrystallized preparations in dark 
bottles kept in the ice chest. 
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methyl ester crystallized immediately. After standing over- 
night in the ice box, the crystals were filtered, washed with small 
portions of dioxane and anhydrous ether, and dried in a vacuum 
desiccator over phosphorus pentoxide; yield 5.93 gm. From the 
filtrate another 1.57 gm. were obtained. When dried to constant 
weight at 78° over phosphorus pentoxide and 1 mm. pressure, a 
sample of the preparation lost 14.1 per cent of its weight. The 
yield was therefore 6.5 gm. on a dry basis, or 62 per cent of 
the theoretical. 

The ester was recrystallized from a boiling mixture of 10 parts 
of dioxane and 5 parts of absolute methyl alcohol, from which it 
separated as long needles; after a second recrystallization the melt- 
ing point and rotation of the dried ester had remained unchanged. 
The methy] ester crystallized in the a form, containing varying pro- 
portions of methyl alcohol and dioxane, which could not be com- 
pletely removed under reduced pressure at room temperature. 
The amounts of solvent which were so tenaciously retained varied 
between 7 and 16 per cent in an irregular ratio. The optimum 
temperature for desiccation was 100°, when constant weight was 
attained in 2 hours. In contrast to d-galacturonic acid, the com- 
pound is very stable under these conditions. The following physi- 
cal and chemical properties were observed. 

Melting Point—After a first and a second recrystallization, the 
samples dried to constant weight at room temperature over phos- 
phorus pentoxide sintered at 135° and melted at 145-147°. The 
anhydrous form sintered at 142° and melted at 146-148°. (Before 
recrystallization the undried product melted gradually between 
120--134°, and after drying it melted at 132—133°.) 

Rotation—3 minutes after solution in absolute methy! alcohol 
la]® = +75.5°, with rapid mutarotation downward to an equilib- 
rium value of [a]? = +38.0° in about 90 minutes; where c = 
1.3 per cent. (In water solution the mutarotation was also down- 
ward and of the same order of magnitude, but the complication of 
continual hydrolysis to free d-galacturonic acid vitiates the 
readings. ) 

Neutralization Equivalent—The saponification value was de- 
termined by dissolving the ester in 0.05 N sodium hydroxide and 
back titrating with acid after standing for 10 minutes. 1 gm. con- 
sumed 48.40 cc. of 0.1 N alkali; theory requires 48.05 ce. 
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Reduction of Hypoiodite—1 gm. consumed 95.7 cc. of 0.1 N iodine 
solution; theory requires 96.2 cc. 
Analysis 
C;sH,O;-COOCH;. Calculated. OCH; 14.91, C 40.4, H 5.82 
' Found. * 15.10, “ 40.3, “ 5.69 


a-1, 2, 3, 4-Tetraacetyl Methyl-d-Galacturonate, 
CsH;0;-(OCCH;),-COOCH; 


4.3 gm. of anhydrous methyl-e-d-galacturonate, recrystallized 
as described above, were added slowly to 24 cc. of acetic anhydride 
containing 1.7 gm. of freshly fused zine chloride and cooled to 0°. 
The ester dissolved without difficulty while the temperature was 
maintained below 15°. After standing for 5 hours at 0°, the solu- 
tion was poured into a separatory funnel containing 100 cc. of 
chloroform and 25 gm. of cracked ice. The mixture was shaken 
well and the chloroform layer extracted twice with 25 cc. of water. 
The chloroform solution was dried with anhydrous sodium sulfate 
and concentrated to dryness at 55° under 5 mm. pressure. On 
adding anhydrous ether and scratching the sides of the vessel 
vigorously, the acetate crystallized readily. After standing over- 
night at 0° the crystals were filtered and washed copiously with 
cold anhydrous ether to remove traces of acetic anhydride. The 
compound was dried over P,O; in a vacuum desiccator. Yield 3.75 
gm., or 48 per cent of the theoretical. After recrystallization from 
chloroform-ether and twice from 95 per cent ethyl alcohol, the ro- 
tation and melting point had remained unchanged. The follow- 
ing constants were observed. 

Melting Point—142-143°. 

Rotation—{a]* = +143° in v.s.p. chloroform where c = 1.0 
per cent. No mutarotation. 


Analysis—C,;H,0;- (OCCH;),-COOCH; 
Calculated. OCH; 8.25, OCCH, 45.7, C 47.9, H 5.36 
Found. "= " @¢ en. oa 


a-1, 2, 3, 4-Tetrabenzoyl Methyl-d-Galacturonate, 
CsH;03(CsH;CO),-COOCH; 


2.35 gm. of anhydrous methyl-a-d-galacturonate were dissolved 
in 16 cc. of pyridine freshly distilled over barium oxide. 9.2 cc. 
of benzoyl! chloride were added in drops while the solution was 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VoL. 108, No. 3 


YT e ye 


WOE RIT RG SS Te SF 
ss 


2% ae 
— ——— 


oie 


4 
4 
| 


770 Derivatives of d-Galacturonic Acid. I 


maintained at 0° by cooling in an ice-salt mixture. Pyridine 
hydrochloride soon separated. After standing in the ice chest for 
2 hours, several drops of water were cautiously added until the 
solution became clear. The latter was poured slowly into 300 
cc. of a mixture of ice and water with vigorous stirring, whereupon 
the product separated as a syrup. On standing in the ice chest 
for 2 days the syrup hardened. The water was poured off and 
renewed with another 300 cc.; this was again allowed to stand in 
the ice chest for 2 days and occasionally stirred. The precipitate 
was dissolved in chloroform and the solution dried and decolorized 
with anhydrous sodium sulfate and about 0.5 gm. of charcoal. 
The solution was concentrated at 5 mm. pressure and 55° to a 
glassy syrup. It was taken up in 15 ec. of anhydrous ether and 
set in the ice chest. In a few hours crystallization set in. After 
standing for several days crystallization was apparently complete. 
The product was filtered, washed with anhydrous ether, and dried. 
Yield, 3.55 gm., or 50.4 per cent of the theoretical. Thus far it has 
not been possible to isolate another benzoate from the syrupy 
filtrate. On two successive recrystallizations from 95 per cent 
ethyl alcohol the rotation and melting point had remained un- 
changed. The following constants were observed. 

Melting Point—181-182°. 

Rotation—{a]®> = +278.5° in v.s.r. chloroform where c = 
0.8 to 1.6 per cent. No mutarotation. 

Analysis 


C;H;0;-(OCC,Hs),-COOCH;. Calculated. OCH; 4.97, C 67.3, H 4.52 
Found. ** 4.89, “* 67.2, “* 4.66 


SUMMARY 


1. Direct acetylation, or benzoylation, of either d-galacturonic 
acid or its a-methylglycoside does not lead to crystalline products. 

2. In the form of its methyl ester, however, a-methyl-d-galac- 
turonide yielded crystalline triacetyl and tribenzoy! derivatives. 

3. The methyl ester of d-galacturonic acid has been prepared 
by reaction with diazomethane. It crystallized in the a form. 

4. Acetylation of methyl-a-d-galacturonate produced a crystal- 
line tetraacetate whose properties indicated the structure of a- 
1, 2, 3, 4-tetraacetyl methyl-d-galacturonate; benzoylation yielded 
the corresponding a-1, 2, 3, 4-tetrabenzoyl derivative. 
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The biochemical and spectroscopic studies by Bills, Honeywell, 
and MacNair (1) on purified cholesterol first showed that com- 
mercial cholesterol purified by various methods yielded a choles- 
terol, apparently free from ergosterol, which still possessed pro- 
vitamin D activity. The work of Koch, Koch, and Ragins (2) 
in these laboratories confirmed these results and also showed that 
on heating this purified material with little or no oxygen present at 
temperatures slightly above the melting point of cholesterol for 
periods of from 1 to 3 hours, the activatability was materially 
increased. 

Since 1929 further work has been done along somewhat similar 
lines. Montignie (3) considers activation due to the formation 
of a small amount of an isomer of cholesterol rather than to an 
impurity such as ergosterol. Kaishio and Gardner (4), although 
they discount Montignie’s conclusions, do find changes in absorp- 
tion spectra and color tests as a result of heat treatment on cho- 
lesterol. Schénheimer (5) has also shown that heat changes cho- 
lesterol, his theory being the siraultaneous formation of sterols of 
the ergosterol and dihydrocholesterol types. No _ biological 
studies on their products are reported by any of these workers. 
Mouriquand and Leulier (6) show that irradiation of the sterol 
from Helix pomatia, a type of snail, yields a product with antira- 
chitic properties; and Labbé, de Balsac, and Lerat (7) show simi- 
lar properties for one of the theosterols isolated from cacao bean 
shells: However, none of these investigators appears to have 

773 





774 Heat-Treated Cholesterol 


treated his sterol to insure destruction or removal of traces of 
ergosterol which may be present. 

In this investigation we are reporting further studies involving 
the effects of heat on cholesterol, resulting in its increased provita- 
min D activity. 

Preparation of Sterol Products—Commercial cholesterol from 
The Wilson Laboratories was purified by the bromine treatment 
described by Bills, Honeywell, and MacNair (1). The original 
material showed ergosterol bands, and after irradiation by ultra- 
violet light was antirachitic in doses of 0.1 mg. per rat per day. 
After the purification treatment it showed no absorption bands, 
little or no general absorption, and a limiting antirachitic dose of 
10 mg. of the irradiated product per rat per day. The non-irra- 
diated purified product was the starting material for all further 
studies reported here. 

The purified cholesterol was placed in a 2 X 11 cm. test-tube 
fitted with a ground glass stopper which carried two outlet tubes. 
The ground glass joint was lubricated and sealed with cholesterol 
in ether solution. In some samples, the air in the tube was com- 
pletely displaced by pure dry nitrogen and the outlet tubes were 
closed before it was heated; in other cases the oxygen of the air 
was not removed from the tube and the outlet tubes were left 
open during the heating. In all cases the tube was introduced 
into a bath of Wood’s metal previously heated to the desired tem- 
perature. Two temperatures, 200° and 300°, were selected, as it 
had been found in these laboratories (2) that a temperature around 
200° caused increased activatability and 300° was used by Diels and 
Linn (8) in the preparation of their 8-cholesterol which we thought 
might be an active isomer. At the close of a definite heating 
period at constant temperature, the tube was removed from the 
bath, opened, and cooled until the sterol had solidified. The 
sterol was removed by treating it with small portions of alcohol 
in a boiling water bath and filtering the hot solution from undis- 
solved material. Much of the sterol crystallized when the alcohol 
solution was cooled to 0°. The crystals were separated by suc- 
tion filtration, rapidly washed with cold 95 per cent alcohol, and 
dried in air. These crystals constituted Fraction A. The fil- 
trate and washings evaporated nearly to dryness on the steam 
bath gave a product, Fraction B, which had a tendency to be 
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more resinous and yellow in color. In an attempt to concentrate 
further the provitamin D activity, Fractions A and B were again 
recrystallized from hot alcohol. These fractions are designated 
in Table I as Fractions A-1, A-2, B-1, and B-2. 

The material insoluble in hot alcohol was called Fraction C. 
It was easily soluble in benzene and chloroform, but difficultly 
soluble in ether. On recrystallization from benzene by precipita- 
tion with alcohol, it gave a very uniform product consisting of 
fine white crystals melting at 194.5°. These properties are all 
characteristic of the dicholesteryl ether described by Mauthner 
and Suida (9). 

Biological Assay— Young rats weaned when 21 days old (weigh- 
ing at least 35 gm.) were kept in a dark room for 14 days on the 
McCollum Diet 3143 (10). The material to be tested for curative 
properties was added to this diet for a subsequent 10 day period. 

The activation was carried out by exposing a thin layer of a 
known amount of the dry crystals in flat Petri dishes under a 
Cooper Hewitt quartz mercury arc lamp at a distance of 40 cm. 
for a period of 35 minutes. The irradiated material was then 
incorporated with a known amount of the rachitic diet and fed in 
definite amounts to rats in small individual cages according to 
the method of Koch, Koch, and Ragins (2). Regularly three 
animals were used for each level, from three to six more being 
used in those cases in which particularly irregular results were 
obtained. ' 

At the end of the 10 day test period the rats were killed and the 
proximal ends of the tibise were examined for the degree of calcifi- 
cation by the Shipley line test. 

Provitamin D Potencies of Fractions from Heated Cholesterol— 
Preliminary spectrographic studies showed that preparations 
possessing greater general absorption in the ultra-violet range are 
obtained when the purified cholesterol is heated at 300° than at 
200°. As we hoped to find increased provitamin D activity to 
parallel this greater absorptive property, we first studied Frac- 
tions A, B, and C obtained by heating cholesterol as indicated 
above at 300° for 20, 60, and 120 minutes. Preliminary biological 
assays on the irradiated products indicated higher provitamin D 
activity on heating for 120 minutes than for shorter periods; there- 
fore fractions thus obtained were studied in more detail and the 
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effect of longer heating, for 240 minutes, was also determined. 
Daily doses of 0.1, 0.5, and 1.0 mg. of the irradiated product were 
fed to rats, higher doses being used later in cases in which rickets 
persisted on the 1.0 mg. dose. The fractions of sterol heated at 
300° did not show as great provitamin D activity as had been 
found in these laboratories in the earlier studies (2), so that samples 
were prepared by heating the purified cholesterol at 200° for 120 


TaBLe I 


Summary of Antirachitic Potencies of Irradiated Fractions Obtained 
from Heated Cholesterol 


Heated before | a at Order of 24+ 
irradiation at Time | (+ or — Os) Fraction® | curative dose 








min. mg. 


120 
120 
120 
120 





240 
240 
240 
120 or 
240 
120 _ 
120 - 

| 

| 


*C. 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 











| 120 + L wil | 0. 
120 + ee . | 0. 





* Fraction A, crystallized from alcohol; Fraction A-1, Fraction A recrys- 
tallized from alcohol; Fraction A-2, from filtrate from recrystallization of 
Fraction A; Fraction B, from first alcohol filtrate; Fraction B-1, Fraction B 
recrystallized from alcohol; Fraction B-2, from filtrate from recrystalliza- 
tion of Fraction B; Fraction C, dicholestery! ether, insoluble in alcohol. 


minutes both in an atmosphere of nitrogen and in the presence of 
oxygen. It is interesting to note that at this temperature only 
aleohol-soluble Fractions A and B were found; no dicholesteryl 
ether was formed. 

A summary of the results of the biological assays at both tem- 
peratures is given in Table I. If more tests had been run with a 
more gradual gradation of doses, more accurate determinations 
of the potency of the fractions could have been made, but the 
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following observations can be made from the results as indicated; 
all heated samples (except Fraction C) showed higher provitamin 
D activity than the purified cholesterol (which required 10 mg. 
per day) and 200° is more effective in producing the increase than 
300°; the fractions crystallizing from alcohol showed higher po- 
tency than the more soluble fractions prepared from the filtrates; 
the presence of oxygen in the tube during the heating still further 
increased the provitamin activity; and Fractions C obtained at 
300° both after 120 and 240 minutes of heating were consistently 
inactive, even in doses as high as 50 mg. per day. 

Spectroscopic Studies—The method used was essentially that 
employed by Koch, Koch, and Lemon (11), with the following sub- 
stitutions. As a continuous hydrogen spectrum source a 60 cm. 
water-cooled tube of inverted TT type was used, in which large 
internal aluminum electrodes were placed close to the walls to 
permit dissipation of heat. The hydrogen was maintained at 
several mm. pressure by the presence of a reservoir of liter capac- 
ity. The current for excitation was taken from the 20,000 volt 
secondary of a 60 cycle transformer, the primary of which was 
connected directly to the 110 volt a.c. mains.!. The light emitted 
through the quartz window in the end of the tube was focused by 
a quartz lens on the slit of a Bausch and Lomb quartz spectro- 
graph No. 2820. 

The materials were weighed into 10 cc. volumetric flasks and 
dissolved in anhydrous ether. The solutions were exposed in 
quartz Baly tubes for 30 seconds with slit width and length of 
0.03 and 5 mm. respectively. 

Representative examples of the results of spectroscopic analysis 
of the various sterol samples are given in Figs. 1 to 4. 

Fig. 1 reveals that the Wilson product causes general absorption 
and also contains traces of ergosterol but that the general absorp- 
tion factor and the ergosterol are removed in our purified product. 
On heating the purified cholesterol, a general absorption of greater 
intensity is produced but no specific absorption bands can be 
demonstrated unless ergosterol is added. Fig. 2 shows that very 
pronounced general absorption is produced by Fractions A and B 
prepared by heating at 300° for 240 minutes, but that practically 


1 This hydrogen tube was furnished through the courtesy of Professor 
H. B. Lemon of the Department of Physics. 
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no absorption is possessed by Fraction C, the dicholesteryl ether. 
Fig. 3 confirms the observations on Fractions A and B, when 
material is heated for only 120 minutes. Fig. 4, spectra D to J, 
shows that Fractions A obtained from heated purified cholesterol, 
although more potent in provitamin D than the original Wilson 
product, nevertheless possess less general absorption and no er- 
gosterol bands. 

Color Reactions of Our Products—The Rosenheim (12) trichloro- 
acetic acid reaction was applied to our samples.’ Fraction A, 
120 minutes at 200°, most potent in provitamin D activity, gave 
no color in 12 hours; other samples heated at 300° changed to 
crimson in 10 minutes rather than to the blue produced by ergos- 
terol in that interval. These tests confirm the spectroscopic ob- 
servations, that ergosterol is not formed in measurable amounts 
when the provitamin D activity of purified cholesterol is increased 
by heat treatment. 

Other Chemical Studies—Chemical tests on the various frac- 
tions of heat-treated cholesterol were made in an attempt to de- 
termine the extent of modification of the cholesterol and the nature 
of the change. Only three lines of investigation have been carried 
out as yet: first, precipitation of the sterol with digitonin and the 
quantitative determination of the digitonide; second, the removal 
as the dibromide of unsaturated sterols and subsequent precipita- 
tion and quantitative determination of the digitonides of the 
saturated sterols; third, the estimation of the iodine numbers. 

Since cholesterol is quantitatively precipitable as the digitonide, 
we may assume that the portions of the heat-treated samples not 
precipitable must have been changed but further studies are re- 
quired to show that all of the precipitable material is unaltered 
cholesterol. Owing to the small amounts of some of the fractions 
available, microchemical methods were desirable. Application 
of the microoxidation method of Bloor (13) and Okey (14) for the 
determination of cholesterol in blood (as the digitonide) gave us 
variable results, and, since several other workers (15-18) had also 
found the method unsatisfactory without modifications, the micro- 
gravimetric method of Mancke (19) was used. The results are 
given in Table II, Column 2. Since the original cholesterol and 


? For further details see Loehr, A., Master’s thesis, University of Chi- 
eago (1931). 
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our most potent fraction (Fraction A, 120 minutes at 200°), ir- 
radiated or non-irradiated, were all recovered 100 per cent as the 
digitonide and the results did not parallel the increased provita- 
min D activity, no further studies of digitonin precipitates were 
made. 

If Schénheimer’s (5) theory is correct that heat changes the 
cholesterol simultaneously into sterols of the ergosterol and di- 
hydrocholesterol types, if these two are formed in parallel amounts, 


Tasie II 
Chemical Studies of Heat-Treated Cholesterol 





Sterol recovered as 





. Dihy- 
Di j- Dibro- dro- 
tonide mide | choles- 
Mancke ees i 

imer | Schén- 
method) nethod| heimer 
method 


(1) (2) (3) (4) 


per cent 





Cholesterol, Wilson Laboratories. ..| 99.6| 93 
Purified cholesterol 93 
120 min., 300°, Fraction A.......... 55 
240 300° " 
300° oy : 39 
300° 
200° ! 102 


120 min., 200°, Fraction B 
Pure ergosterol 
Purified cholesterol + 2% ergosterol. 




















* Calculated, 63.3. 


and further, if the increased activatability is due to the for- 
mation of an ergosterol-like substance, the amount of dihydro- 
cholesterol in the sample should be an index of its provitamin D 
activity. His method (20) for the determination of small amounts 
of saturated sterols present in cholesterol was used; i.e., the forma- 
tion from the cholesterol of its dibromide, its removal by filtra- 
tion, and the quantitative precipitation from the filtrate by 
digitonin of the dihydrocholesterol (unaffected by the bromine 
treatment). As rather large differences were found between the 
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amounts of dibromide when 50 and 100 mg. samples of the same 
sterol were used, studies were made on the solubility of the dibro- 
mide in the alcohol used as solvent. The average of five 50 mg. 
samples of dibromide carried through the same conditions of tem- 
perature and amounts of solvent used in the experiment showed 
that 9.6 mg. of the dibromide were dissolved. With this correc- 
tion, the values given in Table II, Columns 3 and 4, were found. 

Since cholesterol from The Wilson Laboratories, purified cho- 
lesterol, and our most active fraction (Fraction A, 120 minutes at 
200°) showed no evidence of dihydrocholesterol, it was indicated 
that the dihydrocholesterol content did not parallel the increase 
in provitamin D activity. 

It is striking that in the fraction most active biologically (Frac- 
tion A, 120 minutes at 200°) 102 per cent of the sterol was re- 
covered as the dibromide (assuming the sterol was of the same 
molecular weight as cholesterol), which indicates that the increased 
biological activity is accompanied by increased unsaturation. 
Therefore, the iodine numbers of several preparations were de- 
termined at 0° by the method of Rolls (21) and the values obtained 
are given in Table II, Column 5. Although the heat-treated 
sample was at least 20 times as potent in provitamin D content as 
the purified product, it had a lower iodine number. The iodine 
number certainly does not indicate greater unsaturation; however, 
some other disturbing substance may have been formed which 
complicates the interpretation of the iodine number estimations. 


SUMMARY 


Heat treatment of purified cholesterol increases its proantira- 
chitic potency from the requirement of about 10 mg. per day to 
0.1 to 0.5 mg. per day. This confirms the earlier work from these 
laboratories. 

The provitamin D activity is produced more effectively at 200° 
than at 300°. Heating for 240 minutes at 300° materially de- 
stroyed the provitamin factor. 

The fractions of the heated material which are more difficultly 
soluble in alcohol showed the most consistent increase in activa- 
tability; the more easily soluble fractions showed irregular results 
but, in general, less potency. Dicholesteryl ether, the alcohol- 
insoluble fraction, formed only at 300°, is entirely inactive when 
irradiated and given in doses up to 50 mg. per rat per day. 
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No spectroscopic evidence of ergosterol bands was found in any 
of the products of heat treatment. Some showed increased gen- 
eral absorption, but this did not parallel the provitamin D forma- 
tion and probably is due in part to other products. 

Although the Rosenheim trichloroacetic acid color tests were 
rather unsatisfactory, they did not indicate the presence of ergos- 
terol in our heat-treated samples. 

Digitonin precipitation tests showed that from 0 to 75 per cent 
of the cholesterol is changed by heat treatment into a non-precipi- 
table form, but there is no correlation between this change and the 
provitamin D activity. 

The tests for dihydrocholesterol also showed that much of the 
cholesterol has been changed; however, no relationship between 
the amount of cholesterol lost and the provitamin D formation 
could be established. 

The iodine number values obtained show that the purified 
cholesterol, free from ergosterol, has a higher iodine number than 
the original Wilson product, which contains ergosterol. A sterol 
sample (Fraction A, 120 minutes at 200°) obtained in crystalline 
form from the alcohol solution of purified cholesterol heated for 
120 minutes at 200° gave a slightly lower iodine number than the 
purified cholesterol. Ergosterol itself gives an abnormally high 
iodine number. When 2 per cent ergosterol is added to pure 
cholesterol, the iodine number is raised but not to as much as the 
calculated weighted average of the individual iodine numbers. 

Although the fractionation methods used are far from quanti- 
tative, we have been able to obtain from heat-treated cholesterol 
crude fractions of different provitamin D activities, depending on 
the temperature and time of heating and the solvent used. 
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EXPLANATION OF PLATES 
PuiatTe 1 


The time of each exposure was 30 seconds. 

Fig. 1. A, empty Baly tube; B, anhydrous ether, 20 mm. depth; C, 2 per 
cent Wilson’s cholesterol, 20 mm. depth; D, same, 15 mm. depth; FZ, same, 
10 mm. depth; F, 2 per cent cholesterol from the dibromide, 20 mm. depth; 
G, same, 15 mm. depth; H, same, 10 mm. depth; J, 2 per cent cholesterol 
from the dibromide plus 0.001 per cent ergosterol, 20 mm. depth; J, same, 
15 mm. depth; K, same, 10 mm. depth. 

Fig. 2. A, 0.4 per cent Fraction A heated 240 minutes in a nitrogen 
atmosphere at 300°, 20 mm. depth; B, same, 15 mm. depth; C, same, 10 mm. 
depth; D, 0.4 per cent Fraction B heated 240 minutes at 300°, 20 mm.depth; 
E, same, 15 mm. depth; 7, same, 10 mm. depth; G, 0.4 per cent dicholesteryl 
ether, 20 mm. depth; H, same, 15 mm. depth; J, same, 10 mm. depth. 


PLATE 2 


Fig. 3. A, anhydrous ether, 20 mm. depth; B, 0.4 per cent Fraction A-1 
heated 120 minutes at 300°, 20 mm. depth; C, same, 15 mm. depth; D, same, 
10 mm. depth; Z, 0.4 per cent Fraction A-2 heated 120 minutes at 300°, 
20 mm. depth; F, same, 15 mm. depth; G, same, 10 mm. depth; H, 0.4 per 
cent Fraction B heated 120 minutes at 300°, 20 mm. depth; J, same, 15 mm. 
depth; J, same, 10 mm. depth. 

Fig. 4. A, 0.4 per cent Fraction A heated 120 minutes in an open tube at 
200°, 20 mm. depth; B, same, 15 mm. depth; C, same, 10 mm. depth; D, 
same material, 2 per cent, 20 mm. depth; Z, same, 15 mm. depth; F, same, 
10 mm. depth; G, 2 per cent Fraction A heated 120 minutes in a nitrogen 
atmosphere at 200°, 20 mm. depth; H, same, 15 mm. depth; J, same, 10 mm. 
depth; J, 0.4 per cent Fraction B heated 120 minutes in a nitrogen atmos- 
phere at 200°, 20 mm. depth; K, same, 15 mm. depth; L, same, 10 mm. depth. 
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Recent literature has emphasized the importance of phospha- 
tase and compounds of phosphorus in cellular metabolism. A 
review of the chemistry and metabolism of the compounds of 
phosphorus has recently been given by Kay (1). The importance 
and wide distribution of the enzyme phosphatase has also been 
described and certain phases of mammalian phosphatase reviewed 
by Kay (2). However, no work has been reported upon the phos- 
phatases of marine invertebrates, and a study of these enzymes has 
been made. 

Briefly, the methods used for the estimation of phosphatase 
activity are as follows: A suitable extract of the tissue is prepared 
and allowed to hydrolyze an aqueous solution of glycerophosphate 
or some other organic phosphate, and the amount of inorganic 
phosphate liberated in a specific length of time, at a specific and 
controlled temperature and pH, is estimated by a suitable colori- 
metric method. It has been pointed out by Erdtman (3) and 
also by Jenner and Kay (4) that certain ions, such as magnesium, 
have an activating effect on phosphatase, while certain others, 
such as fluoride ions, have an inhibiting effect. In future, it will 
undoubtedly become necessary to measure carefully and adjust 
the concentrations of such effective ions in the hydrolyzing solu- 
tions when making comparisons of various tissues. So far, this 
has not been done. 

In the present work, chloroform water or toluene water extracts 
of the fresh tissue were made and phosphatase immediately de- 
termined. In those organisms having a body cavity filled with 
fluid, the fluid was collected and preserved with chloroform. 
After the fluid was drained, the alimentary tract was opened and 
washed with distilled water to remove food particles. After 
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thorough washing, approximately an equal weight of washed sea 
sand was added and the mass ground to a paste in a mortar. 1 
or 2 cc. of water per gm. of tissue were added, the water having 
been previously shaken with chloroform. A few drops of chloro- 
form were added and the flask kept overnight in the ice box. It 
was then centrifuged for 5 minutes, and the clear solution de- 
canted and preserved with a few drops of chloroform. Extract- 
ing the residue a second time, in a few instances, showed that the 
phosphatase had been practically all removed in the first extrac- 
tion. In two cases a solid crude enzyme was prepared according 
to the method of Levene and Dillon (5). We have kept these 
crude enzymes at room temperature for over 4 months without 
appreciable loss of their glycerophosphatase activity. 

A temperature of 25° + 0.05° was used in the present work for 
determining phosphatase activity, as the enzymes studied were 
rapidly destroyed at temperatures above 30°, as will be shown 
later. The hydrolysis was not measurable in less than 3 hours 
and approached a maximum or the point of equilibrium in 48 
hours. 

The enzyme preparation or extract from each organism was 
tested for phosphatase over a pH range of from 3 to 9.6; points of 
optimum activity were determined with series of experiments 
covering the zone of enzyme action at pH intervals of 0.2 unit. 
The pH of the digestion mixtures was controlled by Clark and 
Lubs KCI-HC] buffers, Walpole’s acetic acid-acetate buffers, and 
Michaelis’ (6) diethylbarbituric acid (veronal) buffers. The buffer 
mixtures were checked with a quinhydrone electrode. In many 
eases the pH of the digestion mixture was determined electrometri- 
cally both before and after the 48 hour digestion. In no case was 
there a pH difference of more than 0.1 unit. 

The method of determining the phosphatase followed in general 
the procedure of Kay (7), in which two tubes of substrate, buffer 
solution, and enzyme were prepared for each determination. Tri- 
chloroacetic acid was immediately added to one tube, while the 
second tube was incubated at 25° for 48 hours. Trichloroacetic 
acid was then added to the second tube and inorganic phosphate 
determined in both tubes by a modification of the Kuttner and 
Cohen method (8). The molybdate reagent used was a 2 per cent 
solution of c.p. crystalline ammonium molybdate in 5 N sulfuric 
acid. The reagent was prepared fresh each week. The method 
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was thoroughly checked as to accuracy of the method and chemi- 
cals used in this laboratory. The deviation from Beer’s law was 
studied and standards used such that the error from this source 
would not be greater than 1 or 2 per cent. 

Table I gives a summary of the results obtained. The phos- 
phatase activity is given as the number of mg. of inorganic phos- 
phorus liberated per gm. of tissue from sodium §-glycerophosphate 
after 48 hours hydrolysis at 25° + 0.05° and at the optimum pH. 

Glycerophosphatase was found in each animal tested, and in 
many cases two distinct optima were observed. In general, the 
enzymes exhibited broader zones of action than is found in mam- 
malian phosphatase. In a few cases, as for example in the clam 
Paphia staminea, hydrolysis was observed over the range of pH 
3 to 9.2, the curve being too flat to permit any point of maximum 
to be assigned. However, it showed a distinct minimum at ap- 
proximately pH 7. 

It was first reported by Erdtman (3) that mammalian phos- 
phatase gradually lost its activity on prolonged dialysis and that 
the activity was restored by addition of low concentrations of 
magnesium ions. This was later studied by Jenner and Kay (4), 
who made a quantitative study of the concentrations of magne- 
sium ions and introduced a new term for expressing the concentra- 
tion, t.e. gMg, the negative logarithm of the Mg ion concentration 
expressed as molarity. Jenner and Kay found the optimum for 
mammalian tissue phosphatase to be between gMg | and 3. 

The effect of dialysis and addition of Mg ion upon the phos- 
phatase of jellyfish (42?quorea zquorea) was studied. The extract 
of the jellyfish was dialyzed in a small parchment sack against 
flowing distilled water (1 drop per second) for 5 days. After 
dialysis, the activity of the preparation was determined with and 
without the addition of MgCl. With gMg 2.2 and at pH values 
5.4 and 9.2, the following results were obtained. The values are 
given in mg. of P liberated as inorganic phosphate under the con- 
ditions outlined above per cc. of enzyme preparation. 





Without added Mg With added Mg (qMg 2.2) 





0.11 0.23 
0.00 0.26 








TaBie I 


Optimum pH and Relative Activity of Phosphatase from Tissues and Body 
Fluids of Several Invertebrates 
The activity is expressed in mg. of inorganic P liberated per gm. of tissue 
from sodium #-glycerophosphate after 48 hours hydrolysis at 25° + 0.05° 
and optimum pH. 





Phylum and scientific name Common name Cotjyem a 





Ceelentera Medusa 
Mquorea zquorea (Forskal)...| Jellyfish 


Sea-anemone 


“ 


Nereis verillosa (Grube) 
Echinodermata 
Crossaster papposus (L.)...... Starfish (rose star) 
. os (cavity 
Strongylocentrotus drobachien- 
sis (Miller) Green sea-urchin 
Strongylocentrotus drobachien- 
sis (cavity fluid) 


“ce “e “ae 


“ 


Strongylocentrotus pur puratus 
(Stimpson) Slight 
Strongylocentrotus purpuratus 
(cavity fluid)............. ' 0.11 
by , 0.13 
Echinarachnius parma 
(Lamarck) Sand-dollar ‘ 3.40 
Echinarachnius parma 
(cavity fluid) 
Stichopus californicus (Stimp- 


“ 


Sea-cucumber 
Stichopus californicus (cavity 


““ 


“ 


Mollusca 
Argobuccinum oregonensis 
(Redfield) Snail (Cregon triton) 
Pholadidea penita (Conrad)...| Common piddock 





Paphia staminea Rock clam 
Katharina tunicata (Wood)...| Black chiton 
Pecten hericius (Gould).......| Pink pecten 
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Tasie I—Concluded 





Phylum and scientific name Common name = — 





Modiolus modiolus (L.)....... Giant horse-mussel .0-8. 1.83 

“ “ “ “ . : 2.92 
Pleurophyllidia _ californica 
Nudibranch .6-5.4) 0.66 
Doriopsis fulua (MacFarland). nad 49.6) 0.16 
Thais lamellosa (Gmelin) Snail : 39.0* 
Polinices lewisii (Gould) Moon-snail . 24.0* 














* Solid crude enzyme preparations made according to the method of 
Levene and Dillon. The values are given in mg. of phosphorus liberated 
per gm. of crude enzyme. 


At pH 9.2 the enzyme was completely inactivated by dialysis and 
restored by addition of Mg; at pH 5.4 the activity was reduced to 
about 50 per cent and restored by Mg. 

At pH 9.2 the following results were obtained with varying 
concentrations of Mg ion. The optimum concentration is within 
the range found by Jenner and Kay for mammalian phosphatase. 





qMg P per cc. extract 





mg. 
1.0 
2.0 
2.2 
3.0 
5.0 








Optimum temperatures for enzyme action are often given. 
However, enzymes are more rapidly destroyed at higher tempera- 
tures, so that the apparent optimum temperature for an enzyme de- 
pends upon the conditions of conducting the test. By preliminary 
tests, it was found desirable to continue the hydrolysis for 48 hours, 
and in order to determine the resistance of some of the enzymes 
to thermal destruction, a series of experiments was conducted in 
which the enzyme preparation was held at a uniform temperature 
for 1 hour; it was then brought to 25° and the activity determined 
by the method previously outlined. Thus, the thermal destruc- 
tion of the enzyme was determined for the preparation, without 
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the protective action of the substrate and also independently of 
the effect of temperature upon the rate of hydrolysis by the en- 
zyme, as each hydrolysis was conducted at 25°. Six enzymes 
were tested from invertebrates, two from shark intestine, and one 
mammalian enzyme, kidney phosphatase of the rat, for compari- 
son. Before heating, each solution of phosphatase was adjusted to 
the same strength or so that each would liberate the same amount 
of phosphorus (in this case 0.2 mg.) from glycerophosphate under 
the controlled conditions. Determinations were also made with 
equal volumes of each enzyme which differed in strength, and the 
same relative results were obtained. The results in Table II are 
calculated to percentage of destruction of the enzyme. The en- 


Taste II 


Relative Stability of Invertebrate and Vertebrate Phosphatase to Heating for 
1 Hour at the Recorded Temperatures 



































Per cent of e de- 
Source of enzyme Scientific name ane =e 
30°} 40° | 50° | 60° | 70° | 80° 
Jellyfish, pH 5.4 Hquorea xquorea 0 |100 {100 
“ “ 9.2 “cc “ 0 53* 100 
Snail, pH 9.2 Argobuccinum oregonensis | 0 | 58 | 81/ 88) 88/100 
Shark, pH 3.6 Hezanchus sp. 72 100/100) 
os “ 9.2 > ' 0 | 34 | 47) 60) 80)100 
Rat kidney, pH 9.2 0 | 3 | 18; 80) 80/100 





* Destruction, 100 per cent at 45°. 


zymes of the jellyfish were completely destroyed when held for 1 
hour at 40-45°, while those of the snail and shark were very materi- 
ally decreased, which shows a marked contrast to the mammalian 
phosphatase. The results also show that it would not be practical 
to determine the enzyme activity of the invertebrates studied at 
37°, the temperature often used in determination of phosphatase. 
Since the jellyfish extract had been shown to have two distinct 
optima of phosphatase activity, one at pH 5.4 and the other pH 
9.2, it was thought that if there were two enzymes they might be 
separated from each other by selective or preferential adsorption 
on alumina or kaolin. When 2 cc. of jellyfish extract were treated 
with 0.5 cc. of a fine suspension of alumina A or alumina D (Will- 
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statter and Kraut (9)) at pH 5 to 10, it was found that the filtrate 
from the suspension showed that both enzymes were completely 
adsorbed by alumina, and the same was found for kaolin. When 
the precipitate on the filter paper was taken up with 2 cc. of water 
and treated with the buffered substrate at pH 5.4 and 9.2, distinct 
phosphatase activity was shown in both. The time interval for 
which the enzyme solution was shaken with the adsorbent was 
varied from 1 hour to 5 seconds and adsorption was complete in 
each case, showing the adsorption of the enzyme by the alumina 
and also kaolin to be instantaneous. 

A similar experiment was tried with sea-cucumber which has a 
stronger phosphatase activity than jellyfish. 2 cc. of the extract 
were treated at pH 5 with 0.5 cc. of alumina D suspension (con- 
taining 20 gm. of alumina in 500 ce. of suspension). The mixture 
was filtered immediately and the precipitate taken up in exactly 
2 cc. of water, bringing the enzymes, if quantitatively adsorbed, to 
the same concentration as in the original extract. The suspen- 
sion was carefully neutralized, with 0.001 n NaOH, and treated 
with buffered substrates at pH 5.4 and 9.2, the optima for the 
two enzymes. The following results were obtained, given in mg. 
of phosphorus liberated per cc. of original enzyme solution at 
25° in 48 hours. 








pH Original solution After adsorption 
mg. P mg. P 

5.4 0.32 0.74 

9.2 0.8 1.49 





Thus by a single adsorption, the activity was raised by 133 per 
cent in the first case and 86 per cent in the second case. This 
activation might be caused by the adsorption of the enzyme and 
non-adsorption of other interfering substances. 


SUMMARY 


Phosphatase has been found distributed in many phyla of ma- 
rine invertebrates and the optimum pH and conditions of action 
studied. Many of the invertebrates have two optima of phos- 
phatase activity, one acid and one alkaline, while in some species 








790 Phosphatases of Marine Invertebrates 


only an acid phosphatase was found. The alkaline phosphatases 
come within “the animal-phosphatase region of pH 8.2-9.4,”’ as 
given by Kay (1) for enzymes from higher animals. Animal 
phosphatases with an acid optimum have been previously reported 
in red blood cells of higher animals. 

The phosphatase of the medusa (4/quorea xquorea) was inac- 
tivated by dialysis, the activity being restored by the addition of 
magnesium ions with an optimum of qMg between 2 and 3. 

The phosphatases of two species of invertebrates and of a shark, 
which were studied, were rapidly destroyed at temperatures 
above 30°. 

The phosphatases of two species of invertebrates studied are 
adsorbed upon alumina and kaolin at pH values from 5 to 10. 
After a single adsorption, the activity of the enzyme is markedly 
increased. 
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Marine invertebrates (Norris 


and Rao) 783 
Phosphates: Organic, Limulus 
polyphemus muscle, distri- 
bution (Encet and Cao) 
389 


Phosphorus: Blood serum, parti- 
tion, laying hens (RomPxe 
and HuGHEs) 79 

Pituitary extract: Anterior, 
growth hormone, protein 
metabolism, effect (ScHar- 
FER and LEE) 355 

Pregnancy: Ovary lipid, rela- 
tion (Boyrp) 607 

Proline: Insulin, crystalline, iso- 
lation (JENSEN and Evans) 

1 

Protein(s): Catabolism, anemia 
(Dart, Rosscuert-Rossins, 
and WHIPPLE) 487 
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Protein (s)—continued: 

Cholesterol-, complex, body 
fluids, pathological (BruGER) 

463 

Glycine determination (Pat- 
TON) 267 
Metabolism, anterior pituitary 
growth hormone, effect 
(ScHAFFER and Leg) 355 


Solutions, refractivity (HaNp) 


703 

Tryptic-ereptic digestion, 
study technique (Surg, Krk, 
and BucHANAN) 11 


Provitamin: D, ergosterol, crude 
(Britis, MassEnGALE, Mc- 
DonaLp, and Wrrick) 323 

—, potency and properties, 


heat-treated cholesterol 
(HatwHaway and Kocs) 
773 
R 


Reducing substances: Bee-moth, 
metamorphosis effect (CrEs- 


CITELLI and TAYLor) 349 
Urine, normal (Lave and 
NaAsH) 479 


Ribose: d-, crystalline, prepara- 


tion (LEVENE) 419 
Rickets: Beryllium, “local fac- 
tor” and  viosterol, réle 
(Sopet, GoLprarRB, and 
KRAMER) 395 


Incurable (SopeLt, GOLDFARB, 
and KRAMER) 395 
Tissue, lipase (FaLK and Mo- 
GUIRE) 61 
Root: Carotene, properties (Mac- 
KINNEY) 45 

Ss 


Saccharase : Determination (Sum- 
NER and Howe tt) 51 
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Saponin: Soy bean (BuRRELL and 

WALTER) 55 

Silk: Fibroin, hydrolysis prod- 
ucts (Grant and Lewis) 

667 

Skeletal growth: Bone extract 

effect (LANDAUER, UPHAM, 

and Rusin) 121 

Skin: Lipids, diabetes (Mar- 

THEWS, NEWTON, and BLoor) 

145 

Sodium: Blood cell, red, deter- 


mination (OBERSsT) 153 
Soy bean: See Bean 
Starch: Amylase, viscosimetry 


(THompson, TENNANT, and 
Wigs) 85 
Strophanthidins: Anhydro- (Ja- 
coss and ELDERFIELD) 693 
Strophanthin: (Jacops and 
ELDERFIELD) 693 
Sulfhydryl group: Vitamin B, 
deficiency, dle (Irrer, 
OreENnt, and McCouiivm) 
585 


T 
Tetany: Milk-produced (Dun- 
caN, Hurrman, and Rosin- 
SON) 35 


Tissue: Parathyroid extract ef- 
fect (MorGan and Samiscn) 


741 
Viosterol effect (MorGaANn and 
SaMIscH) 741 


Trypsin: Casein digestion, vita- 
min B deficiency influence 
(Sure, Krx, and BucHanan) 

19 


-Erepsin, protein digestion, 


study technique (Surg, Kix, 
and BucHANAN) 11 





Index 








U 


Urine: Reducing substances, nor- 
mal (Laue and Nasu) 479 


Vv 


Metabolism (CARTER) 
619 
Phenyl derivatives, synthesis 
(CARTER) 619 
Viosterol: Rickets, beryllium, 
réle (Sone, GoLprars, and 
KRAMER) 395 
Tissue effect (MorGcan and 
SaMIscH) 741 
Vitamin(s): A, alfalfa, destruc- 
tion, enzymatic, curing proc- 
ess (HauGE) 331 
B deficiency, casein tryptic 
and ereptic digestion, influ- 
ence (Surg, Krx, and Buca- 
ANAN) 19 
, pancreas lipase and 
esterase, influence (Surg, 
Krk, and BucHaNan) 27 
— extraction (Irrer, ORENT, 
and McCo..ivum) 571 
—, fat sparing action (Evans 
and LepKovsky) 439 
— loss, rat tissue (Evans 
and LePKovsky) 439 
B. deficiency, sulfhydryl group, 
réle (IrrerR, ORENT, and 
McCo.ivum) 585 
—, flavins, non-identity (EL- 
VEHJEM and Korn) 709 
—. See also Vitamin G 
C determination (TauBER and 


Valine: 


KLEINER) 563 
—, tissues (TauBer and 
KLEINER) 563 























Subjects 


Vitamin(s)—continued : 

E concentrates, preparation 
and properties (Evans, 
Murpuy, ARCHIBALD, and 
CorNISH) 515 

G concentration (LerpKovsxy, 


Popper, and Evans) 257 
—. See also Vitamin B, 
Pro-, D, ergosterol, crude 


(Brits, MAssENGALE, Mc- 
Dona.p, and Wrrick) 323 
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Vitamin (s)—continued: 

Pro-, D, potency and properties, 
heat-treated cholesterol 
(Haruaway and Kocnr) 

773 

See also Avitaminosis 


WwW 


Wheat: Germ oil, growth defi- 
ciency disease, effect (BLUM- 
BERG) 227 





